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We have identiﬁed four repeats and ten domains that are novel in proteins encoded by the Bacillus anthracis str. Ames proteome
using automated in silico methods. A “repeat” corresponds to a region comprising less than 55-amino-acid residues that occur
more than once in the protein sequence and sometimes present in tandem. A “domain” corresponds to a conserved region with
greater than 55-amino-acid residues and may be present as single or multiple copies in the protein sequence. These correspond
to (1) 57-amino-acid-residue PxV domain, (2) 122-amino-acid-residue FxF domain, (3) 111-amino-acid-residue YEFF domain,
(4) 109-amino-acid-residue IMxxH domain, (5) 103-amino-acid-residue VxxT domain, (6) 84-amino-acid-residue ExW domain,
(7) 104-amino-acid-residue NTGFIG domain, (8) 36-amino-acid-residue NxGK repeat, (9) 95-amino-acid-residue VYV domain,
(10)75-amino-acid-residueKEWEdomain,(11)59-amino-acid-residueAFLdomain,(12)53-amino-acid-residueRIDVKrepeat,
(13) (a) 41-amino-acid-residue AGQF repeat and (b) 42-amino-acid-residue GSAL repeat. A repeat or domain type is character-
ized by speciﬁc conserved sequence motifs. We discuss the presence of these repeats and domains in proteins from other genomes
and their probable secondary structure.
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cluding humans, caused by the Bacillus anthracis str. Ames,a
Gram-positive, rod-shaped, nonmotile, spore-forming bac-
terium [1]. It is an endospore-forming bacterium that causes
inhalational anthrax. During the course of disease, en-
dospores are taken up by alveolar macrophages where they
germinate in the phagolysosomal compartment. Vegetative
cells then escape from the macrophage, eventually infect-
ing blood. Expression of the major plasmid-encoded viru-
lence determinants, tripartite toxin, and a poly-D-glutamic
acid capsule is essential for full pathogenicity [2]. Key viru-
lence genes found on plasmids are pXO1 and pXO2 [1]. The
60MDa plasmid pXO2 carries genes required for the syn-
thesis of an antiphagocytic poly-D-glutamic acid capsule[3].
The 110 MDa plasmid pXO1 [4] is required for the synthe-
sis of the anthrax proteins, edema factor, lethal factor, and
protective antigen. These proteins act in binary combina-
tions to produce two anthrax toxins: edema toxin (a protec-
tive antigen and edema factor) and lethal toxin (a protective
antigen and lethal factor) [5]. The chromosome encodes po-
tential virulence factors that include haemolysins, enterotox-
ins, phospholipases, proteases, metalloproteases, and iron-
acquisition proteins.
The chromosome of B. anthracis str. Ames contains three
homologues of sortase transpeptidase that is responsible for
attachment of secreted proteins to peptidoglycan on the
cell surface of Gram-positive bacteria [6]. A range of im-
portant surface proteins, including enzymes and virulence-
related MSCRAMMs (microbial surface components recog-
nizing adhesive matrix molecules) are anchored to the cell
wall in Gram-positive bacteria by sortase, a transpeptidase
in Staphylococcus aureus, that cleaves polypeptides at a con-
served LPxTG motif near the carboxyl terminus and cova-
lently links them to penta-glycine crossbridges in peptido-
glycan [7, 8]. Nearly 34 candidate surface proteins which
have sortase attachment sites and SLH domains were iden-
tiﬁed. Two putative B. anthracis str. Ames sortase attached
genes have internalin like repeats [9]. The chromosome of2 Comparative and Functional Genomics
B. anthracis str. Ames also contains the csaAB genes for bind-
ing of proteins with S-layer homology (SLH) domains to
polysaccharide. The SLH domain is a repetitive modular ele-
ment that is present in several bacterial cell surface proteins
and is involved in noncovalent association with peptidogly-
can associated polymers [10]. The SLH domain comprises
55-amino-acid residues [11] and the potential role of most
proteins with SLH domains on the surface of B. anthracis
str. Ames is unknown at present [12]. However, these surface
proteins may mediate unknown interactions between B. an-
thracis str. Ames and its external environment and could be
targets for vaccine and drug design. Read et al. [12]r e p o r t e d
the complete genome sequence of B. anthracis str. Ames.I t
comprises5227293basepairsand5508geneswithanoverall
G+C content of 35.4%. Of these, 2762 are functional genes,
1212 are conserved hypothetical genes, 657 genes are of un-
knownfunction,and877genesareannotatedashypothetical
proteins.
As the complete genome sequence of B. anthracis str.
Ames is available [12], we intended to systematically iden-
tify and analyze all the amino-acid sequence repeats in this
proteome. In a general context, a “repeat” corresponds to a
region comprising less than 55-amino-acid residues that oc-
cur more than once, sometimes in tandem along the primary
sequence, examples are the YVTN repeats in various cell sur-
face proteins and the WD repeats present in proteins that
perform a variety of functions. On the other hand, a “do-
main” refers to a region of the protein comprising greater
than 55-amino-acid residues and does not contain internal
sequence repeats. According to the crystallographer deﬁni-
tion, a domain represents a region of the protein capable of
folding independently as a stable unit. A domain can also ex-
ist in multiple copies and there can be several diﬀerent do-
mains per protein, examples are the SH2, SH3, and PH do-
mains present in signal transduction proteins. The repeats
and domains are characterized by conserved sequence motifs
that may be identiﬁed according to the conservation of in-
dividual amino-acid residues at equivalent positions derived
frommultiplesequencealignments.Intheabsenceofexperi-
mentaldata,thestructuralinformationcanbeobtainedfrom
secondary structure or fold prediction studies in silico. In-
formation about the identiﬁed domains and repeats is repre-
sented in databases such as SMART, INTERPRO and PFAM.
SMART (simple modular architecture research tool) allows
the identiﬁcation and annotation of genetically mobile do-
mains and the analysis of domain architectures [13]. INTER-
PRO is a searchable database that provides information on
sequence, function, and annotation. It is an integrated doc-
umentation resource for protein families, domains, and sites
[14]. PFAM is a large collection of multiple sequence align-
ments and hidden Markov models covering many common
protein domains and families. This can be used to view the
domain organization of proteins [15]. We believe that a sys-
tematic sequence analysis will provide information on the
novel repeats and domains present in B. anthracis str. Ames
proteome that are not identiﬁed so far.
The B. anthracis str. Ames proteome consists of several
known repeats and domains. Some of these domains are as
follows. (1) BRCT (breast cancer carboxy terminal) domain
was ﬁrst identiﬁed as 100-amino-acid tandem repeat at the
C-terminus of the tumor suppressor gene product BRCA1,
in which the germline mutations lead to nearly 50% famil-
ial breast cancer. Most BRCT domains containing proteins
participate in DNA damage checkpoint or DNA repair path-
ways and transcription regulation [16] .T h eB R C Ti sa ne v o -
lutionarily conserved module that exists in a large number
of proteins from prokaryotes to eukaryotes. (2) Excalibur
(extracellular calcium binding) domain consists of a con-
servedDxDxDGxxCEmotif,whichisstrikinglysimilartothe
Ca2+ binding loop of the calmodulin like EF hand domains,
suggesting an evolutionary relationship. (3) Cna Bd o m a i n
forms a stalk in Streptococcus aureus collagen-binding pro-
tein that presents the ligand binding domain away from the
bacterial cell surface. (4) CBS (cystathionine beta synthase)
domain is a small intracellular module with 60-amino-acid
residues, mostly found in two or four copies within a pro-
tein and occurs in several proteins in all kingdoms of life.
Tandem pairs of CBS domains can act as binding domains
for adenosine derivatives. In some cases, CBS domains may
act as sensors of cellular energy status by being activated by
AMP and inhibited by ATP. (5) Par B (par B like nuclease)
domain cleaves single stranded DNA, nicks supercoiled plas-
mid DNA, and exhibits 5 -3  exonuclease activity. (6) KH (K
homology) domain comprises 70-amino-acids residues and
is involved in RNA binding. (7) PAS and PAC domains com-
prising 300 and 45-amino-acid residues, respectively, medi-
atesignaltransduction.(8)PASTAdomain isanextracellular
module comprising 70-amino-acids residues that fold into a
globular architecture consisting of 3β-strands and an α-helix
whichaidsinpenicillinbinding.(9)NEAT(neartransporter)
domain is a 125-amino-acid residue conserved region con-
sistingmainlyβ-strands.TheNEATdomainappearstobeas-
sociatedwithirontransportinseveralGram-positivespecies,
some of them are pathogenic. (10) SLH domain is present in
several bacterial cell surface proteins and is involved in non-
covalentassociationwithpeptidoglycanassociatedpolymers.
It comprises 55-amino-acid residues and the predicted sec-
ondary structure comprises two α-helices ﬂanking a short β-
strand [11].
TherepeatspresentinB.anthracisstr.Amesproteomeare
as follows. (1) RHS repeats are 21-amino-acids residues long
and are involved in carbohydrate binding. (2) TPR (tetratri-
copeptide) repeats are 34-amino-acids residues long and are
involved in protein-protein interactions. (3) EZ HEAT re-
peats are 37–47-amino-acid residues long and occur in tan-
dem in a number of cytoplasmic proteins that are involved
in intracellular transport processes. Arrays of HEAT repeats
consist of 3 to 36 units forming a rod-like helical structure
and appear to function as protein-protein interaction sur-
faces. (4) Ankyrin repeats are about 33-amino-acid residues
long and occur in at least four consecutive copies; the core
of the repeat appears as a helix-loop-helix structure and is
involved in protein-protein interactions. (5) LRR (lecuine
rich repeats) are 20-amino-acids residues long, each repeat
consists of a β-strand and α-helix, that are oriented in an
antiparallel manner. The function of LRRs includes signalG. R. Hemalatha et al. 3
transduction,transmembranereceptors,DNArepair,cellad-
hesion, and extracellualr matrix proteins [17].
Andrade et al. [18] reviewed methods to identify repeats
in proteins and the relationship between repeat sequences
and their associated functions. Repeats may be identiﬁed by
manual examination, if the sequence similarity is very high
and present in tandem. Repeats are thought to arise due
to gene duplication and recombination events. Protein do-
mains may exist either as single or multiple copies and re-
peats always exist as multiple copies [18, 19]. Programs such
as BLASTP [20] are also useful in detecting internal and ho-
mologous repeats in a protein database. By using the BLAST
program, the presence of repeats in a query protein sequence
can be identiﬁed if (a) the same region of the query is aligned
against two or more distinct regions of a second protein; and
(b) diﬀerent regions of the query are being aligned against
the same region of a second protein [18].
Several web-based methods are available for ab initio
identiﬁcation of sequence repeats in proteins. For exam-
ple, RADAR (rapid automatic detection and alignment of
repeats) [21] uses an automatic algorithm, for segmenting
a query sequence into repeats; it identiﬁes short composi-
tion biased as well as gapped approximate repeats and com-
plex repeat architectures involving many diﬀerent types of
repeats in a query sequence. Rep program [22] uses an it-
erative algorithm based on score distributions from proﬁle
analysis. This procedure allows the identiﬁcation of homo-
logues at alignment scores lower than the highest optimal
alignment score for nonhomologous sequences. The PROS-
PERO program [23] is ideal for large scale self-comparison
of protein sequences. It uses a formula that accurately as-
sesses the signiﬁcance of protein repeat similarities, allowing
for existence of gaps, and also takes into account sequence
length and composition. TRUST (tracking repeats using sig-
niﬁcance and transitivity) program [24] exploits the concept
of transitivity of alignments as well as a statistical scheme
optimized for the evaluation of repeat signiﬁcance. Starting
from signiﬁcant local suboptimal alignments, the applica-
tion of transitivity allows to (1) identify distant repeat ho-
mologues for which no alignments were found; (2) gain con-
ﬁdence about consistently well-aligned regions; and (3) rec-
ognize and reduce the contribution of nonhomologous re-
peats. This assessment step will enable to derive a virtually
noise-free proﬁle representing a generalized repeat with high
ﬁdelity. It has been demonstrated by the authors that TRUST
is a useful and reliable tool for mining tandem and nontan-
dem repeats in protein sequence databases, to predict multi-
ple repeat types with varying intervening segments within a
single sequence. Once statistically signiﬁcant repeats are de-
tected, construction of a multiple sequence alignment pro-
vides insight into the extent of sequence homology among
members of the new protein family and identiﬁcation of the
conserved sequence motifs.
WehaveimplementedTRUSTonapersonalcomputerin
our laboratory and used it to identify amino-acid sequence
repeats in the proteins of B. anthracis str. Ames proteome. We
have identiﬁed four repeats and ten domains that are novel
in the proteome of B. anthracis str. Ames. Further analysis
corresponding to searches of the completed and unﬁnished
genome databases identiﬁed some of these to be present in
other bacterial genomes.
2. METHODS
We have downloaded the entire proteome of B. anthracis str.
Ames from the website http://www.ncbi.nlm.nih.gov in the
FASTA format. The TRUST program was downloaded from
the website and installed on the local Pentium IV computers
on the Linux platform. The TRUST server together with the
source code is available at http://ibivu.cs.vu.nl/programs/
trustwww.TheTRUSTprogramwasrunforallthesequences
in this proteome. Based on the size of the TRUST output ﬁle,
theproteinsequenceswithnointernalrepeatswerediscarded
automatically; that is, only those protein sequences which
comprise repeats were retained. The lengths of repeats and
domains currently annotated in the INTERPRO database
often comprise greater than 25-amino-acid residues; there-
fore, in this work, we have considered the repeats with
greater than 25-amino-acid residues alone for further analy-
sis. Thus selected proteins were submitted to SMART online
(http://smart.embl-heidelberg.de/smart/batch.pl)[ 13]p r o -
gram in batch mode. Manual inspections of the SMART re-
sults identiﬁed proteins comprising known repeats or do-
mains and were therefore discarded. Only those repeats that
are not identiﬁed by SMART database are retained for fur-
ther analysis.
We have downloaded NCBI NR (release date: April 22,
2005) and UNIPROT (release date: April 23, 2005) databases
and installed BLAST-2.2.10 on the local Linux comput-
ers (OS: Fedora Core-2, Pentium-IV 3.00GHz, 1GB RAM,
80GB hard disk). Using automatic shell scripts, these pro-
tein sequences were then blasted using PSI-BLAST program
[25] for three iterations against the NCBI NR database and
using BLASTALL program against UNIPROT database. The
proteins conﬁrmed to comprise repeats by the BLAST pro-
gramwereretainedandweretestedforpresenceintheoﬄine
versions of INTERPRO (Database: iprscan DATA 10.0, Ap-
plications: iprscan V4.1, iprscan binn4.x Linux) and PFAM
(release date: April 26, 2005) databases. A ﬁnal check was
made using online versions of INTERPRO and PFAM. These
series of steps are given in the ﬂowchart as shown in Figure 1.
The repeats which are not present in any of these data-
b a s e sw e r ec o n s i d e r e dt ob en o v e lr e p e a t so rd o m a i n s ,d e -
pending upon (1) the number of times they occur in the pro-
tein sequences, and (2) length of the amino-acid sequence
region. The novel repeats and domains thus identiﬁed in B.
anthracis str. Ames proteome were subjected to PSI-BLAST
analysis in order to identify other proteins from databases
that comprise these repeats and domains. Multiple sequence
alignment program, ClustalW [26], was used to detect the
extent of sequence conservation and the secondary structure
prediction was carried out using PHD [27] method.
3. RESULTS AND DISCUSSION
From the analysis of B. anthracis str. Ames proteome us-




















Figure 1: Flowchart for systematic analysis of repeats in proteins.
of amino-acid sequence repeats. SMART database analysis
identiﬁed that 302 entries do not have a SMART descrip-
tion. Based on their absence in the INTERPRO and PFAM
databases and the length of repeat sequence (greater than 25-
amino-acid residues), we have identiﬁed about 120 proteins
(data not shown) in the B. anthracis str. Ames proteome to
comprise novel amino-acid sequence repeats. We have added
anadditionalconstraintthattherepeatsidentiﬁedbyTRUST
program should also be identiﬁed as a repeat by the BLAST
program.SubsequentonlineINTERPROandPFAMsearches
conﬁrmed that these domains and repeats have not been re-
ported before. In this work, we have identiﬁed four repeats
and tendomains, that are not within orpart ofpreviously re-
ported repeats and our ﬁndings are therefore novel. Further
analysis identiﬁed some of these in the proteins of other bac-
terial genomes. The conserved amino-acid residues observed
from multiple sequence alignments using the CLUSTALW
program were used to describe sequence motifs character-
istic of these novel repeats and domains. Often, more than
one sequence motif is associated with repeats or domains
and the amino-acid sequence patterns characteristic of these
repeats are represented according to the PROSITE descrip-
tion [28]. Ponting et al. [29], have earlier used a similar ap-
proach to identify novel domains and repeats in Drosophila
melanogaster.
In this work, we identiﬁed four repeats and ten domains
that have not been reported before in the B. anthracis str.
Ames proteome. The repeats and domains described in 1 to
6a n d9a r ea l s op r e s e n ti ns o m eb a c t e r i a lo r g a n i s m s ,7 ,8 ,1 0
and 11 are Bacillus-speciﬁc, 12 and 13 are Bacillus anthracis
str. Ames speciﬁc. Lists of the proteins containing these novel
repeats and domains are shown in Tables 1at o1k. These ta-
bles indicate the protein identiﬁers (Gene or Swall ID), the
number of amino-acid residues in the protein, a description
of the protein, and other well-characterized repeats and do-
mains present in the protein. Some sequences representing
these repeats or domains share lower than 15% pairwise se-
quence identity. However, these sequences retain the con-
served motifs and the positions of secondary structure ele-
ments in the multiple sequence alignment. For all the pro-
teins, the amino-acid sequence corresponding to each rep-
resentative repeat are shown in the multiple sequence align-
ments (see Figures from 2 to 14).1 Conservation of the po-
sition of secondary structural elements is indicated from the
multiple sequence alignment. The schematic ﬁgures used to
represent these repeats and domains are shown in Figures
15 to 27. These ﬁgures (drawn to an approximate scale) re-
ﬂect the relative proximity and location of individual repeats
and domains along the primary sequence. We discuss each of
these novel repeats and domains below.
3.1. 57-amino-acid-residuePxVdomain
The 251-amino-acid-residue protein corresponding to the
GENE ID BA2292 and described as hypothetical protein
comprises of a 57-amino-acid-residue region as two copies.
FurtherBLASTsearchesusingsequencecorrespondingtothe
region (65–121) as a query identiﬁed 24 proteins that are
described as hypothetical (see Table 1(a)). This region oc-
curs as four copies in proteins from Shewanella amazonen-
sis, and Haloarcula marismortui, as two copies in proteins
fromB.anthracis,B.cereus,B.halodurans,B.thuringiensis,B.
thuringiensis serovar, Thermus thermopilus, Chloroﬂexus au-
rantiacus, Chloroﬂexus aggregans Exiguobacterium sp., Bacil-
lus weihenstephanensis, Roseiﬂexus castenholzii, Clostridium
novyi, Herpetosiphon aurantiacus, and as single copy in An-
abaena variabilis; we therefore describe this region as a
1 The multiple sequence alignments corresponding to representative re-
peats and domains from various proteins along with their GENE
or SWall identiﬁers. (a) PxV domain, (b) FxF domain, (c) YEFF
domain, (d) IMxxH domain, (e) VxxT domain, (f) ExW domain,
(g) NTGFIG domain, (h) NxGK repeat (i) VYV domain, (j) KEWE
domain, (k) AFL domain, (l) RIDVK repeat, (m)(a) AGQF repeat
and (b) GSAL repeat. The numbers given in brackets indicate the
start and end of amino-acid-residue positions corresponding to ei-
ther the repeat or domain. The 80% consensus is labeled accord-
ing to the alignment to the alignment generated at the website
http://www.bork.embl-heidelberg.de/Alignment/consensus.html: alcohol
(o, ST); aliphatic (I, ILV); any (·, ACDEFGHIKLMNPQRSTVWY); aro-
matic (a, FHWY); charged (c, DEHKR); hydrophobic (h, ACFGHIKLM-
RTVWY); negative (−, DE); polar (p, CDEHKNQRST); positive (+,
HKR);small(s,ACDGNPSTV);tiny(u,AGS);turn-like(t,ACDEGHKN-
QRST). A capital letter indicates 80% conservation of corresponding
amino-acid residue. The secondary structure prediction indicated at the
top was derived using the PHD program. Residues predicted with greater
than 82% accuracy to form β-sheets are represented by “E” and α-helices
are represented by “H.”G. R. Hemalatha et al. 5
Table 1:TheproteinsarerepresentedbytheircorrespondingGene IDalongwiththenumberofamino-acidresiduesindicatedinbracketsin
the ﬁrst column. The organism and corresponding phylogeny are indicated in the second column: (A) represents Archaea and (B) represents
Bacteria. The third column contains the description of the proteins containing the repeats or the domains identiﬁed elsewhere, including
those identiﬁed in the present work and the total number of such repeats or domains. The fourth column represents exclusively the total
number of novel repeats or domains identiﬁed in this work.
Gene ID
(number of residues) Organism Description Number of
PxV domains
BA2292 (251) Bacillus anthracis str. Ames (B) Hypothetical protein 2
BAS2138 (249) Bacillus anthracis Sterne (B) Hypothetical protein 2
BT9727 2076
(249)
Bacillus thuringiensis serovar Hypothetical protein 2
konkukian str. 97-27 (B)
BCZK2072 (249) Bacillus cereus E33L (B) Hypothetical protein 2
BCE2326 (249) Bacillus cereus ATCC 10987 (B) Hypothetical protein 2
BC2244 (249) Bacillus cereus ATCC 14579 (B) Hypothetical protein 2
BH1282 (222) Bacillus halodurans C-125 (B) BH1282 protein 2
BCE G9241 2259




Hypothetical protein 2 serovar israelensis
ATCC 35646 (B)
TT P0044 (221) Thermus thermopilus Hypothetical conserved 2
HB27 (B) protein












Shewanella amazonensis Hypothetical protein 4
SB2B (B)
rrnAC0576 (488) Haloarcula marismortui Unknown 4
ATCC 43049 (A)




Bacillus weihenstephanensis Conserved hypothetical 2
KBAB4 (B) protein




Bacillus cereus subsp. Conserved hypothetical 2















NT01CX 1619 (210) Clostridium novyi Conserved hypothetical 2
NT (B) protein
HaurDRAFT 2803 (196) Herpetosiphon aurantiacus Conserved hypothetical 2
ATCC 23779 (B) protein
CaggDRAFT 2922 (261) Chloroﬂexus aggregans DSM 9485 (B) Conserved hypothetical protein 2
(a) List of proteins containing the 57-amino-acid-residue PxV domain.6 Comparative and Functional Genomics
Table 1: Continued.
Gene ID (number of residues) Organism Description Number of FxF domains
BA0881 (293) Bacillus anthracis str. Ames (B) Conserved domain protein 2
BCZK0785 (293) Bacillus cereus E33L (B) Hypothetical protein 2
BT9727 0783 (295) Bacillus thuringiensis serovar Hypothetical protein 2
konkukian str. 97-27 (B)
BCE G9241 0886 (293) Bacillus cereus G9241 (B) Conserved protein, putative 2
GK3171 (297) Geobacillus kaustophilus HTA426 (B) Hypothetical conserved protein 2
CTC00525 (279) Clostridium tetani E88 (B) Hypothetical protein 2
Bcer98DRAFT 3031 (293) Bacillus cereus subsp. cytotoxis NVH (B) Conserved hypothetical protein 2
B14911 04439 (305) Bacillus sp. NRRL B-14911 (B) Hypothetical protein 2
DredDRAFT 0533 (262) Desulfotomaculum reducens MI-1 (B) Hypothetical protein 2
NT01CX 1557 (276) Clostridium novyi NT (B) Conserved protein, putative 2
(b) List of proteins containing the 122-amino-acid-residue FxF domain.
Gene ID




BA3695 (510) Bacillus anthracis str. Ames (B) S-layer protein, putative, 2
SLH-domain (3)
BCZK3337 (492) Bacillus cereus E33L (B) S-layer protein, SLH-domain (3) 2
BT9727 3386 (510) Bacillus thuringiensis serovar S-layer protein, SLH-domain (3) 2
konkukian str. 97-27 (B)
Bant 01004347 (510) Bacillus anthracis str. A2012 (B) Hypothetical protein, 2
SLH-domain (3)
BCE G9241 3590
(492) Bacillus cereus G9241 (B) Lipoprotein, putative 2
SLH-domain (3)
BA5326 (321) Bacillus anthracis str. Ames (B) Lipoprotein, putative 2
BT9727 4791 (321) Bacillus thuringiensis serovar Hypothetical protein 2
konkukian str. 97-27 (B)
BC5098 (321) Bacillus cereus ATCC 14579 (B) Hypothetical protein 2
BCZK4809 (321) Bacillus cereus E33L (B) Hypothetical protein 2
RBTH 06214 (321) Bacillus thuringiensis serovar Hypothetical protein 2
israelensis ATCC 35646 (B)
EF0374 (325) Enterococcus faecalis V583 (B) Lipoprotein, putative 2
EF0375 (321) Enterococcus faecalis V583 (B) Hypothetical protein 2
EF0376 (347) Enterococcus faecalis V583 (B) Hypothetical protein 2
(c) List of proteins containing the 111-amino-acid-residue YEFF domain.
Gene ID
(number of residues) Organism Description Number of IMxxH
domains
BA1021 (266) Bacillus anthracis str. Ames (B) Hypothetical protein 2
BAS0955 (283) Bacillus anthracis Sterne (B) Hypothetical protein 2
BCZK0933 (283) Bacillus cereus E33L (B) Hypothetical protein 2
BT9727 0941 (283) Bacillus thuringiensis serovar Hypothetical protein 2
konkukian str. 97-27 (B)
BC1029 (283) Bacillus cereus ATCC 14579 (B) Hypothetical protein 2
RBTH 03050 (283) Bacillus thuringiensis serovar Hypothetical protein 2
israelensis ATCC 35646 (B)
CAC3450 (307) Clostridium acetobutylicum ATCC 824 (B) Hypothetical protein 2
CPE0158 (303) Clostridium perfringens str. 13 (B) Hypothetical protein 2
CTC02189 (314) Clostridium tetani E88 (B) Conserved protein 2
CtheDRAFT 1311 (307) Clostridium thermocellum ATCC 27405 (B) Conserved hypothetical protein 2
DhafDRAFT 0725 (321) Desulﬁtobacterium hafniense DCB-2 (B) Conserved hypothetical protein 2
(d) List of proteins containing the 109-amino-acid-residue IMxxH domain.G. R. Hemalatha et al. 7
Table 1: Continued.
Gene ID
(number of residues) Organism Description Number of IMxxH
domains
BCE G9241 1042 (283) Bacillus cereus G9241 (B) Conserved protein 2
CbeiDRAFT 3331 (312) Clostridium beijerincki NCIMB 8052 (B) Conserved hypothetical protein 2
CphyDRAFT 3436 (305) Clostridium phytofermentans ISDg (B) Conserved hypothetical protein 2
ClosDRAFT 1658 (308) Clostridium sp. OhILAs (B) Conserved hypothetical protein 2
CdifQ 02001573 (254) Clostridium diﬃcile QCD-32g58 (B) Hypothetical protein 2
BcerKBAB4DRAFT 3543
(283) Bacillus weihenstephanensis KBAB4 (B) Hypothetical protein 2
AmetDRAFT 1908 (272) Alkaliphilus metalliredigenes QYMF (B) Conserved hypothetical protein 2
CD1511 (304) Clostridium diﬃcile 630 (B) Conserved hypothetical protein 2
CPF 0149 (303) Clostridium perfringens ATCC 13124 (B) Hypothetical protein 2
BcerKBAB4DRAFT 0307
(171) Bacillus weihenstephanensis KBAB4 (B) Conserved hypothetical protein 1
Bcer98DRAFT 1038 (303) Bacillus cereus subsp. cytotoxis NVH 391-98 (B) Conserved hypothetical protein 2
(d) Continued.
Gene ID
(number of residues) Organism Description Number of
VxxT domains
BA4716 (349) Bacillus anthracis str. Ames (B) Germination protein gerM 2
gerM BT9727 4219 (349) Bacillus thuringiensis serovar Germination protein 2
konkukian str. 97-27 (B)
germ BCZK4235 (349) Bacillus cereus E33L (B) Germination protein 2
BCE4587 (349) Bacillus cereus ATCC 10987 (B) Germination protein gerM 2
BC4495 (349) Bacillus cereus ATCC 14579 (B) Germination protein germ 2
BSU28380 (366) Bacillus subtilis subsp. subtilis str. 168 (B) Germination protein gerM 2
BL00314 (369) Bacillus licheniformis ATCC 14580 (B) Spore germination protein GerM 2
BH3070 (365) Bacillus halodurans C-125 (B) Germination (Cortex hydrolysis) 2
and sporulation
RBTH 05210 (349) Bacillus thuringiensis serovar Germination protein germ 2
israelensis ATCC 35646 (B)
gerM (210) Bacillus subtilis (B) gerM 1
ABC2653 (377) Bacillus clausii KSM-K16 (B) Germination protein GerM 2
GK2667 (357) Geobacillus kaustophilus Germination (Cortex hydrolysis) 2
HTA426 (B) and sporulation
OB2107 (352) Oceanobacillus iheyensis Germination (Cortex hydrolysis) 2
HTE831 (B) and sporulation
SwolDRAFT 2302 (195) Syntrophomonas wolfei str. Goettingen (B) Hypothetical protein 1
MothDRAFT 0979 (200) Moorella thermoacetica ATCC 39073 (B) Similar to Spore germination protein 1
CtheDRAFT 0840 (299) Clostridium thermocellum ATCC 27405 (B) Hypothetical protein 1
gerM ABF83609 (349) Bacillus thuringiensis serovar kurstaki (B) Spore germination protein 2
Bcer98DRAFT 3179 (348) Bacillus cereus subsp. cytotoxis NVH 391-98 (B) Germination protein GerM 2
BcerKBAB4DRAFT 4089 Bacillus weihenstephanensis KBAB4 (B) Germination protein gerM 2
(349)
B14911 06091 (361) Bacillus sp. NRRL B-14911 (B) Spore germination protein 2
GAA01614 (295) Pelotomaculum thermopropionicum SI (B) Unnamed protein product 1
AmetDRAFT 1640 (332) Alkaliphilus metalliredigenes QYMF (B) Hypothetical protein 2
Moth 0516 (200) Moorella thermoacetica ATCC 39073 (B) Spore germination protein-like 1
(e) List of proteins containing the 103-amino-acid-residue VxxT domain.8 Comparative and Functional Genomics
Table 1: Continued.
Gene ID
(number of residues) Organism Description Number of ExW
domains
BA4310 (246) Bacillus anthracis str. Ames (B) Hypothetical protein 2
BT9727 3829 (246) Bacillus thuringiensis serovar Hypothetical protein 2
konkukian str. 97-27 (B)
BCE4157 (246) Bacillus cereus ATCC 10987 (B) Hypothetical protein 2
BCZK3845 (246) Bacillus cereus E33L (B) Hypothetical protein 2
BC4088 (248) Bacillus cereus ATCC 14579 (B) IG hypothetical 17224 2
GK0969 (226) Geobacillus kaustophilus HTA426 (B) Hypothetical conserved protein 2
BSU30660 (145) Bacillus subtilis subsp. str. 168 (B) Hypothetical protein ytkA (PSPA8) 1
BL05305 (147) Bacillus licheniformis ATCC 14580 (B) Conserved protein YtkA 1
BH0983 (157) Bacillus halodurans C-125 (B) BH0983 protein 1
Bant 01004966 (252) Bacillus anthracis str. A2012 (B) Protein chain release factor A 2
RBTH 02670 (248) Bacillus thuringiensis Hypothetical protein 2
serovar israelensis ATCC 35646 (B)
BCE G9241 4093 (246) Bacillus cereus G9241 (B) IG hypothetical protein 2
OB2488 (166) Oceanobacillus ihenyensis HTE831 (B) Hypothetical conserved protein 1
ABC0230 (158) Bacillus clausii KSM-K16 (B) Unknown conserved protein 1
BH0678 (246) Bacillus halodurans C-125 (B) BH0678 protein 2
ABC4088 (142) Bacillus clausii KSM-K16 (B) Hypothetical protein 1
ExigDRAFT 1796 (161) Exiguobacterium sibiricum 255-15 (B) Hypothetical protein 1
OB3282 (155) Oceanobacillus ihenyensis HTE831 (B) Hypothetical conserved protein 1
BcerKBAB4DRAFT 2040 (241) Bacillus weihenstephanensis KBAB4 (B) Conserved hypothetical protein 2
B14911 09907 (144) Bacillus sp. NRRL B-14911 (B) Hypothetical protein 1
B14911 05359 (273) Bacillus sp. NRRL B-14911 (B) Hypothetical protein 2
BAA83944 (267) Bacillus halodurans (B) Unnamed protein product 2
BH1853 (158) Bacillus halodurans C-125 (B) Hypothetical protein 1
Bcer98DRAFT 3614 (177) Bacillus cereus subsp. IG hypothetical protein 2
cytotoxis NVH 391-98 (B)
ExigDRAFT 0574 (253) Exiguobacterium sibiricum 255-15 (B) Hypothetical protein 2
(f) List of proteins containing the 84-amino-acid-residue ExW domain.
Gene ID
(number of residues) Organism Description Number of
NTGFIG domains
BA2665 (232) Bacillus anthracis str. Ames (B) Hypothetical protein 2 tandem
BT9727 2444 (232) Bacillus thuringiensis serovar Hypothetical protein 2 tandem
konkukian str. 97-27 (B)
BCZK2413 (232) Bacillus cereus E33L (B) Group-speciﬁc protein 2 tandem
BCE2700 (234) Bacillus cereus ATCC 10987 (B) Hypothetical protein 2 tandem
BC2674 (234) Bacillus cereus ATCC 14579 (B) Hypothetical protein 2 tandem
Bant 01003317 (236) Bacillus anthracis str. A2012 (B) Hypothetical protein 2 tandem
BCE G9241 CNI 0263 (234) Bacillus cereus G9241 (B) Conserved hypothetical protein 2 tandem
BcerKBAB4DRAFT 0535
(232) Bacillus weihenstephanensis KBAB4(B) Conserved hypothetical protein 2 tandem
Bcer98DRAFT 0128 (234) Bacillus cereus subsp. Conserved hypothetical protein 2 tandem
cytotoxis NVH 391-98 (B)
(g) List of proteins containing the 104-amino-acid-residue NTGFIG domain.G. R. Hemalatha et al. 9
Table 1: Continued.
Gene ID




BA3686 (193) Bacillus anthracis str. Ames (B) Hypothetical protein, SAP domain (1) 2
BT9727 3378 (193) Bacillus thuringiensis serovar Hypothetical protein, SAP domain (1) 2
konkukian str. 97-27 (B)
BCZK3328 (193) Bacillus cereus E33L (B) Hypothetical protein, SAP domain (1) 2
BC3626 (193) Bacillus cereus ATCC 14579 (B) Hypothetical protein, SAP domain (1) 2
BCE3645 (193) Bacillus cereus ATCC 10987 (B) Hypothetical protein, SAP domain (1) 2
RBTH 03615 (193) Bacillus thuringiensis serovar Hypothetical cytosolic 2
israelensis ATCC 35646 (B) protein, SAP domain (1)
BCE G9241 3579 (193) Bacillus cereus G9241 (B) Hypothetical cytosolic protein, SAP domain (1) 2
BcerKBAB4DRAFT 0944 Bacillus weihenstephanensis Conserved hypothetical 2
(193) KBAB4 (B) protein, SAP domain (1)
B14911 25780 (189) Bacillus sp. NRRL B-14911 (B) Hypothetical protein, SAP domain (1) 2
(h) List of proteins containing the 36-amino-acid-residue NxGK repeat.
Gene ID Organism Description Number of
(number of residues) VYV domains
BA1701 (225) Bacillus anthracis str. Ames (B) Hypothetical protein 2 tandem
BAS1577 (227) Bacillus anthracis str. Sterne (B) Hypothetical protein 2 tandem
RBTH 03882 (1004) Bacillus thuringiensis serovar israelensis ATCC 35646 (B) Hypothetical exported protein 10 tandem
DSY3134 (1674) Desulﬁtobacterium hafniense Y51 (B) Hypothetical protein 2 tandem
(i) List of proteins containing the 95-amino-acid-residue VYV domain.
Gene ID Organism Description Number of
(number of residues) KEWE domains
BA3147 (262) Bacillus anthracis str. Ames (B) Hypothetical protein 3 tandem
BAS2924 (344) Bacillus anthracis str. Sterne (B) Hypothetical protein 4 tandem
RBTH 06405 (331) Bacillus thuringiensis serovar israelensis ATCC 35646 (B) Hypothetical protein 4 tandem
pE33L466 0092 (328) Bacillus cereus E33L (B) Hypothetical protein 4 tandem
Bant 01003795 (178) Bacillus anthracis str. A2012 (B) Hypothetical protein 2 tandem
pBMB165 (247) Bacillus thuringiensis serovar tenebrionis (B) Hypothetical protein 3 tandem
(j) List of proteins containing the 75-amino-acid-residue KEWE domain.
Gene ID Organism Description Number of
(number of residues) AFL domains
BA3065 (290) Bacillus anthracis str. Ames (B) Hypothetical protein. 2
BAS2851 (297) Bacillus anthracis str. Sterne (B) Hypothetical protein 2
Bant 01003715 (293) Bacillus anthracis str. A2012 (B) Hypothetical protein 2
RBTH 02124 (145) Bacillus thuringiensis serovar Hypothetical protein 1
israelensis ATCC 35646 (B)
BcerKBAB4DRAFT 1832 (291) Bacillus weihenstephanensis KBAB4 (B) Conserved hypothetical protein 2
(k) List of proteins containing the 59-amino-acid-residue AFL domain.
domain. The length of proteins varied between 196 to 488-
amino-acid residues. The multiple sequence alignment cor-
responding to this domain is associated with PxV sequence
motif where x is any amino-acid residue and is shown in
Figure 2. The pairwise identities between sequences corre-
sponding to PxV domain varied between 15–96%. The sec-
ondary structure corresponding to PxV domain is predicted
to comprise four β-strands as shown in Figure 2.T h er e p -
resentative domain architecture corresponding to proteins
comprising the PxV domain is shown in Figure 15.10 Comparative and Functional Genomics
Secondary structure            E E E E E E E E EEEEE EE
RcasDRAFT_0590_1(32-89) VRV I HA S-P DAPAVDV I VNGNR --AL TNVPFFAA S AY LDLPAG S YD I QVVPAGAT -S-PVV ID 5 8
RoseRSDRAFT_1732_1(32-89) VRVVHA S-P DAPAVDV I VNGNK --AL TNVPFFAA S AY LDLPAG S YD I QVVPAGAT -S-PVV ID 5 8
Chlo02001630_1(32-90) VRV I HA S-P DAPAVDV FVNGNA --VL TNVGFFAA SPY LDLPAGTYRVQVAP TGAG - AG S AV ID 5 9
CaggDRAFT_2922_1(31-89) VRV I HA S-P DAPAVDV FVNGNA --VL TNVGFFAA SPY LDLPAGTYRVQVAP TGAG - AG S AV ID 5 9
HaurDRAFT_2803_1(4-62) VRVMHA S-P DAPAVD IFVDGKA --VL T S VPFFALSGQL ALPDGTYT I D I APAGAG - VAA S V FE 5 9
B14911_22687_1(67-124) VRVVHA S-P DAPNVD I YVNGNR --IL KDFPYKDV SGY LSLPAGKYQ I D I Y PAGDM- V -STVLS 5 8
HaurDRAFT_2803_2(105-162) VRV I HG S-P DAPAVD I K I AGTQN - VVVKGAK FGDAAT LEVPAGTY SFD ISPAG SS-T --VLFT 5 8
rrnAC0576_1(67-124) VRVAHMS-P NAPNVDVY LEGDA --VLEDVPFGAV SQY LDVPAGE R S VEITAAGD --P DT S V FS 5 8
rrnAC0576_2(284-341) VRVAHMS-P NAPNVDVYVDG S A --VLEDVPFGAV SDY LEVPAGARTVEITAAGD --P DT S V FE 5 8
BH1282_1(30-89) VRVLHA S-P DAPPVDVY I DGKK --QMEGVPFKQT SSY FNVPAGDHMI T IFAAGDDPAE T PV IE 6 0
ExigDRAFT_0608_1(29-86) VRV I HA S-P DAPAVD I AVDGKK --AV SGAEFKAVTDY L T LPAGEHKVEV F AAGT --TKDPVLS 5 8
RBTH_03198_2(161-218)          I R F AHFS-PDT PVVNVDL KDGDH -LFENVLFKQ I TDFLQV SPGTAD IEISLANNK ---NVLLT 5 8
BC2244_2(159-216)              I R F AHFS-PDT PVVNVDL KDGDH -LFENVLFKQ I TDFLQV SPGTAD IEISLADNK ---NVLLT 5 8
BcerKBAB4DRAFT_2942_2(159-216) I R F AHFS-PDT PVVNVNL KDGDH -LFENVLFKQ I TDFLQV SPGTAD IEV SLADTK ---KVLLT 5 8
BCE_G9241_2259_2(159-217)      I R F AHFS-PDT PVVNV SLKGGDH -LFENVLFKQ I TDFLEV SPGTAD IEV SLADNQ ---NVLLT 5 8
BCE_2326_2(159-216)            I R F AHFS-PDT PVVNV SLKGGDH -LFENVLFKQ I TDFLEV SPGTAD IEV SLADHQ ---S VLLT 5 8
BA2292_2(161-218)              I R F AHFS-PDT PVVNV SLKDGDH -LFENVLFKQ I TDFLEV SPGTAD IEV SLADNQ ---S VLLT 5 8
BAS2138_2(159-216)             I R F AHFS-PDT PVVNV SLKDGDH -LFENVLFKQ I TDFLEV SPGTAD IEV SLADNQ ---S VLLT 5 8
BT9727_2076_2(159-216)         I R F AHFS-PDT PVVNV SLKDGDH -LFENVLFKQ I TDFLEV SPGTAD IEV SLADNQ ---S VLLT 5 8
BCZK2072_2(159-216)            I R F AHFS-PDT PV I NV SLKDGDH -LFENVLFKQ I TDFLEV SPGTAD IEV SLADNQ ---SILL T 5 8
Bcer98DRAFT_2673_2(159-216)    I R F AHFS-PDT S VVNV SLKNGDH -LFENVLFKQVTDY LQV SPGTAD IEISLADTK ---KNLVT5 8
NT01CX_1619_2(113-170) VK FVHLS-PGT PNVD I T LPNGT I-LF KDVEFEEGTDY IPLKVGTYT IEAKP TG SD ---KTVLT 5 8
B14911_22687_2(164-221) AR FIHLS-PDAPAVD I AVKKGDV -IF P N ISFRQATQY LGL T PMTVDLEVRVAG SS---NTVLS 5 8
RcasDRAFT_0590_2(131-188) VRV I HFS-PDAPAVD I KVAGGP T -LISNL A FPNA SNY LPVDAG S YDLQVT PAGGT ---AVVLD 58
RoseRSDRAFT_1732_2(131-188) VRV I HFS-PDAPAVD I KVAGGP T -LISNL A FPQA SNY LPVDAG S YDLQVT PAGGT ---AVVLD 58
Chlo02001630_2(131-188) VRVYHFS-PDAPAVDVKL ANGTT -LISNL A FPNA SDY LEVPAGTYDLQVT PAGG S---AVV IN 5 8
CaggDRAFT_2922_2(130-187) VRVYHFS-PDAPAVDVKL ANGTT -LISNL A FPDA SDY LEVPAGTYDLQVT PAGGD ---AVV IN 5 8
ExigDRAFT_0608_2(126-183) VRVAHF A -PDAPAVDVAPKGGDP-LFSDLEFSKV SDYGT LDAGTYDLEVRPAGAT ---DVVKA5 8
TTHB089_2(124-181)             I RVVHA S-P DAPAVDVAVKGGPV -LFAGLPFPRA S AYA S VPAGTYDLEVRAAGTA ---TVALD 58
TTP0044_2(124-181)             I RVVHA S-P DAPAVDVAVKGGPV -LLAGLPFPRA S AYA S VPAGTYDLEVRAAGTA ---TVALD 58
BH1282_2(130-187)              L RAVHLS-PDT PAVQLHLSAANV - DMPSLSFENA S RY I DLPAGAYDLD I RMIETD ---DVAT E5 8
RBTH_03198_1(65-121)           I R IF HAD -PN IPAVD ILVNGQKV --IKN ISFKQFSPY LSLVQGKYR I D I VPVGNE T ---PIFS 5 7
BC2244_1(63-119)               I R IF HAD -PN IPAVD ILVNGQKV --IKN ISFKQFSPY LSLVQGKYR I D I VPVGNE T ---PIFS 5 7
BCE_G9241_2259_1(63-119)       I R FFHS A -SNT PAVD ILVNGQKV --IKN ISFKQFSPY L T LVQGKYR I D I VPVGNE T ---PIFS 5 7
BAS2138_1(63-119)              I R FFHS A -SNT PAVD ILVNGQKV --IKN ISFKQFSPY L T LVQGKYR I D I VPVGNE T ---PIFS 5 7
BCE_2326_1(63-119)             I R FFHS A -SNT PAVD ILVNGQKV --IKN ISFKQFSPY L T LVQGKYR I D I VPVGNE T ---PIFS 5 7
BA2292_1(65-121)               I R FFHS A -SNT PAVD ILVNGQKV --IKN ISFKQFSPY L T LVQGKYR I D I VPVGNE T ---PIFS 5 7
BCZK2072_1(63-119)             I R FFHS A -SNT PAVD ILVNGQKV --IKN ISFKQFSPY L T LVQGKYR I D I VPVGNE T ---PIFS 5 7
BT9727_2076_1(63-119)          I R FFHS A -SNT PAVD ILVNGQKV --IKN ISFKQFSPY L T LVQGKYR I D I VPVGNE T ---PIFS 5 7
BcerKBAB4DRAFT_2942_1(63-119) MR IF HTA -PHT PAVD III NGQKV --IKN ISFKQFSPY LSLVQGKYR I D I VPVGNE T ---PIFS 5 7
Bcer98DRAFT_2673_1(63-119) MR IF HA S-P HTAPVD ILINGQKV --IKN I T FQQFSPY FSL MQGQYR LD I VPLDNE T ---PIFS 5 7
SamaDRAFT_3539(264-321)        I RVAHS A - ADVPQVD ILANGTKVDALSGAA FGQA SGY LNL APGE YQVDTVL T SDNS---VVG I5 9
Ava_3757(63-120)               L RV I NAAVP TA SPVDV I VNGQRV --LE NVNF RQA S RYVNVT PGN I QVLFVT SGTNS---T I A S5 8
TTHB089_1(24-81) VRVAHLS-PDAPAVDVLVNGQRA --ITGL A F KEVT P Y IPLPAAKVRVQVVPAGQDAP--VV ID 5 8
TTP0044_1(24-81) VRVAHLS-PDAPAVDVLVNGQRA --ITGL A F KEVT P Y IPLPAAKVRVQVVPAGQDAP--VV ID 5 8
NT01CX_1619_1(15-72) MR LLNA S-P NAPAVDVY FNGQLI--T SNL AYKEFT E YMS T SPGL YNVKV FPHGKLSS--PIID 5 8
consensus/80%                  l R hhHhu.PssPsV sl. lpstt. . .hpsl.F.phosalpls.Gphplpl..ssst....slhs
Figure 2: BA2292 is homologous to protein GBAA2292 from Bacillus anthracis str. “Ames Ancestor.” BAS2138 is homologous to proteins
BT9727 2076 from Bacillus thuringiensis serovar konkukian str. 97-27 and Bant 01002917 from Bacillus anthracis str. A2012.
3.2. 122-amino-acid-residueFxFdomain
The 293-amino-acid-residue protein corresponding to the
GENE ID BA0881 and described as conserved domain pro-
tein comprises a 122-amino-acid-residue region as two
copies. Further BLAST searches using sequence correspond-
ing to the region (55–176) as a query identiﬁed 10 proteins
(see Table 1(b)). The proteins comprising this region are de-
scribed as either conserved or hypothetical proteins. This re-
gion occurs as two copies in the proteins of B. anthracis, B.
cereus, B. thuringiensis, Geobacillus kaustophilus, Clostridium
tetani, Clostridium novyi,a n dDesulfotomaculum reducens
genomes. The length of proteins varied between 262 to 305-
amino-acid residues. The multiple sequence alignment cor-
responding to this domain is associated with characteristic
sequence motif FxF (Figure 3) and we refer to this as the
FxF domain. The pairwise sequence identities correspond-
ing to this domain varies between 18–97%. The secondary
structure corresponding to FxF domain is predicted to com-
prise one α-helix and ﬁve β-strands, and the representative
domain architecture of proteins comprising this domain is
shown in Figure 16.
3.3. 111-amino-acid-residueYEFFdomain
The 510-amino-acid-residue protein corresponding to the
GENE ID BA3695 and described as a S-layer protein com-
prises a 111-amino-acid-residue region that is present as
two copies. Further BLAST searches, using sequence corre-
sponding to the region (247–357) as a query, identiﬁed 13
proteins (see Table 1(c)), that are described as S-layer pro-
teins, hypothetical, or lipoproteins and correspond to the
B. anthracis str. Ames and A2012, B. cereus, B. thuringien-
sis, B. thuringiensis serovar israelensis,a n dEnterococcus fae-
calis genomes. The length of proteins varied between 321
to 510-amino-acid residues. Five proteins corresponding
to the GENE ID BA3695 and Bant 01004347 of B. an-
thracis,B C EG9241 3590, and BCZK3337 of B. cereus and
BT9727 3386 of B. thuringiensis comprise three copies of
SLH domain, indicating a cell surface role for these proteins.G. R. Hemalatha et al. 11
Secondary structure HHHHHHH EEEEE EEEEEE EEEEE EEEEE
BA0881_1(55-176)            I YQFLHKELPR LEEYQ ISLSG IEIEKRDNG - YDVAVFIR S TVPKPISFEEVT LILL NKEKKL CARKT
BCZK0785_1(55-176)          I YQFLHKELPR LEEYQ ISLSG IEIEERDNG - YDVAVFIR S TVPKPISFEEVT LILL NKEKKL CARKT
BCE_G9241_0886_1(55-176)    I YQFLHKELPR LEEYQ ISLSG IEIEKRDS G - YDVAVFIR S TVPKPISFEEVT LILL NKEKKL CARKT
Bcer98DRAFT_3031_1(55-176) I YQFLHKELPR LQENQ ISLSG IEIEKR EGS-YAVAA FIR SSISKPISFEEVT LLLLNKEDELCARKT
BT9727_0783_1(58-179)       I YQFLHK SLPT LQENQ ISLAG IESKKHENA - YY I TT FIR SSVKHPIQFET L T LSLLNKNGE TCARQT
GK3171_1(46-167) VYR F YHEQLPPLQPNQ ISISGVKLVE YNDG -FVAVA ILRNT LPKPVR FER I R LLLLDEDGTA I ARKE
B14911_04439_1(59-182) VL R FLNNELPPLLPNQ ISLAG IELQQDGGS-VTVAA FVR SSLSKAVEFKKTHLLLVGPDEEILARKE
BA0881_2(185-293) A L RNFVDNL T PPNDGEINFLGLQAARKENGDLHTT LLIRNGCKDN I QLEQLPLH IE DATGAVVVKGA
BCZK0785_2(185-293) A L RNFVDNL T PPNDGEINFLGLQAARKENGDLHTT LLIRNGCKDN I QLEQLPLH IE DATGAVVVKGA
BCE_G9241_0886_2(185-293) A L RNFVDNL T PPNDGEINFLGLQAARKENGDLHTT LLIRNGCKEN I QLEQLPLH IE DATGAVVVKGA
Bcer98DRAFT_3031_2(185-293) A L RNFVESLT PPQNGELNFLGLQAAQKENGDLHAT ILIRNGCKRN I QL KQLPLH IE DA S GEIVVKGA
BT9727_0783_2(188-295) KLQEIIANLDPPEEDEINF RGLNAVVEENGDLNAT ILIRNGYNKN I T LEQLPLH ISDR SESTVAE R I
B14911_04439_2(191-305) KLKQMVEQMDPPK I GEINFMG I QAKVADNEDLQVT LLIRNGNDQNVMLQQLPLQVEDAT SEV I AKGG
GK3171_2(176-297) QLQA LVDS VPPPAPGEVNFMG IEAKQLPSGELGVT LLIRNGSDKH I HFEQ IPLEVRDYAGD I VARGL
NT01CX_1557_2(164-276) QY EKFLKELPLLR EGQVTMNAYDVYTNEDDG I AVELV I RNGRHNGVD I KR IPLSIYDKDKKLVA S GT
DredDRAFT_0533_2(156-262) QF TT FLKKLPSVQEGSIN I DTY SIE KNNDGSLTVA I VL RHR L AKP TVLSR FQFG I VDTNK SIVARAA
CTC00525_2(170-279) VF KEFLESLPKLERGQGSISVF T I TQY ENGDLLMT LLVRNATDEAVTMTKMPIT L KTQKGE T ILSGV
CTC00525_1(36-159)          L E E E L R EV IPKVEEGK I N I AG I YA FDQGDK - VEVKAY LANGLSQK I NFEDVPIY II NS KEEKLAYQV
NT01CX_1557_1(31-154) CLEEELEA LPA I KEGELDVN - VDFFFDLGDRY EA SIFIRNGLSTGVNLEK IPFIVLDKDEKEVGRK I
DredDRAFT_0533_1(25-147)    LMQEEINNLPQ I TDGTVA I DSIYTVNWEDK -IEIGF Y L RNVT SHK I CF TQT PLK ILNPKGEVLA S VT
consensus/80%               h h p .hhcp Ls..p p s p lsh.ulp h.p t p ss.htsshhlR sshtcslp hcp lsL hl.stp t p hhscth
Secondary structure         E E E E E
BA0881_1(55-176)            FNLSA LGD IPSNVNMPFIFT FEQE T I-TDAA LSQTDWELA FELESK -- HT LDLDPSWEA
BCZK0785_1(55-176)          FNLSA LGD IPANVNMPFIFT FEQE T I-TDAA LSQTDWELA FELESK -- HA LDLDPSWEA
BCE_G9241_0886_1(55-176)    FNLSA LGD IPANVNMPFIFT FEQE T I-TDADLSQTDWELA FELESK -- HVLDLDPSWEA
Bcer98DRAFT_3031_1(55-176) FNLSD I GD IPANVNMPWVF T FDEET I-TDAELSQTDWQL A FELEGE--HR LDLDP TWET
BT9727_0783_1(58-179)       FDLSHLEG IPSNVNMPWT FVFEENSI-T EAT LSNEDWQLVFELQGK -- HSLDLDPIWQE
GK3171_1(46-167)            FDMSPFGELPPMTAR PWR FLFAAEDK -LVDQLPADGWK I A FELT PR -- HR LDLEESWEQ
B14911_04439_1(59-182)      FDL T EIGEIPAK SSR PWNF T FNSSDL-LTDSIP AEGWKL A FEIRNNEEHR LDLDEAWEN
BA0881_2(185-293)           F T LPNLEIKAN - TTKPWSFVFPA SSI-LKEDMDLSSWKA LVPQD ---------------
BCZK0785_2(185-293)         F T LPNLEIKAN - TTKPWSFVFPA SSI-LKEDMDLSSWKA LVPQD ---------------
BCE_G9241_0886_2(185-293)   F T LPNLEIKAN - TTKPWSFVFPA SSI-LKEDMELSSWKA LVPQD ---------------
Bcer98DRAFT_3031_2(185-293) F T LPNLEIKAN -STKPWSFIFPV SFV -LKKEMDLSTWKA I VPQD ---------------
BT9727_0783_2(188-295)      FVL KDFQ I KAN -STKPWT F T FPADS V -SKEPIDLSKWKA FIP Q ----------------
B14911_04439_2(191-305)     FQLDK FELKAN - T S KPWT FIFPK SLL-LKDNPDLSSWKAY PLQQQVQT EI---------
GK3171_2(176-297)           F PCH -LEVKAH - T S KPWT FLFPPELL-HKAEPDWT SWKVT IPSSPAQSEKQE T PSSDE-
NT01CX_1557_2(164-276)      F Y LEDA SLNPI-SAKVY LFT FSKDEL-LR EDYNL KNWT I QFLLNSNVN -----------
DredDRAFT_0533_2(156-262)   FV IE QY ILEPG -MFLLR SFK F T PET I-VNSDAD I NQC SIA FL-----------------
CTC00525_2(170-279)         FD IE NF TVNP Y - KARVLSLIFKKEVVN IEE DFDLSTCK IIFE R E---------------
CTC00525_1(36-159)          FDLSEEGD IPSGKA IPVKLNFNKQN I-L VDK IP QDDWKVVFGGNDVKGVRYVN IELESI
NT01CX_1557_1(31-154)       FNL R EVGEIPAR S VR PWK I Y FEKDEL-NVEG I NL KDL K I VFDS R I KAAGVVNVQY ENLP
DredDRAFT_0533_1(25-147)    I NLSDMGD IPAY S VR PWR F Y LGKEDL--T LDNSLKDL K I A FNS RN IPPYMLV IE DR LPE





















Figure 3: BA0881 is homologous to proteins GBAA0881 Bacillus anthracis str. “Ames Ancestor,” BAS0837 from Bacillus anthracis str. Sterne
and Bant 01001534 from Bacillus anthracis str. A2012.
This domain is characterized by conserved sequence motifs;
YEFF, RGD, FTY, GKD, and FVEH. We refer to this 111-
amino-acid region as the YEFF domain. The pairwise se-
quence identities corresponding to the YEFF domain var-
ied between 36–96%. The consensus secondary structure
predicted for this domain suggests mainly β-strands and
the conserved sequence motifs, that is, YEFF and FTY are
associated with β-strands; see Figure 4. The representative
domain architecture of proteins comprising this domain is
shown in Figure 17. It is intriguing that each domain com-
prises RGD sequence motif which is found in the proteins of
extracellular matrix. Many viruses enter their host cells via
the RGD motif—integrin interaction and synthetic peptides
containing this RGD motif are active modulators of cell ad-
hesion [30]. The RGD motif was originally identiﬁed as the
sequence within ﬁbronectin that mediates cell attachment.
This motif has now been found in numerous other proteins
andsupportscelladhesion.Theintegrins,afamilyofcellsur-
face proteins, act as receptors for cell adhesion molecules. A
subset of the integrins recognizes the RGD motif within their
ligands, the binding of which mediates both cell substratum
and cell-cell interactions [31] .T h ep r e s e n c eo fR G Dm o t i f
and SLH domain implies that the YEFF domain compris-
ing proteins is also present on the cell surface and mediates
protein-protein interactions.
3.4. 109-amino-acid-residueIMxxHdomain
The 266-amino-acid-residue protein corresponding to the
GENE ID BA1021 and described as hypothetical protein
comprises a 109-amino-acid-residue region as two copies.
Further BLAST searches using sequence corresponding to
the region (4–112) as a query identiﬁed 22 proteins (see
Table 1(d)) that are described as either conserved or hypo-
thetical proteins. This domain region occurs as two copies
in all the proteins of B. anthracis, B. cereus, B. thuringien-
sis, Bacillus weihenstephanensis C. acetobutylicum, C. perfrin-
gens,C.tetani,C.thermocellum,Desulﬁtobacteriumhafniense,
Clostridium phytofermentans,a n dAlkaliphilus metalliredi-
genes, and as single domain in the 171-amino-acid-residue
proteinBcerKBAB4DRAFT 0307.Thelengthofproteinsvar-
ied between 171 to 321-amino-acid residues. The multiple
sequence alignment corresponding to this domain identi-
ﬁed the characteristic sequence motifs; IMxxH, REA, and we
refer to this as the IMxxH domain. The IMxxH sequence
motif occurs at the N-terminal region of the domain. The12 Comparative and Functional Genomics
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EF0374(62-172)          I L S S - - TDWQGTKVYDKNNNNLTA ENANFIGL AKYDGETGF Y EFFDK ETGETRGDEGTFFVTD ---DGE
EF0375(58-168)          I L S G --T DWQGT RVYDAAGNDLTA ENANFIGL AKYDGETGF Y EFFDKNTGETRGDEGTFFVTG ---DGT
EF0376(59-172) GLSE--KDWAGT RVYDRNGNDLTDENQNLLHA I K FDATTSFY EFFDK ETGESTGDEGTFFMTAG ITDV S
BA5326(58-168)          I L S D --T NWQGT RVYDKDKNDVTK ENANFIGL AKYDAK S GR Y EFFDAKTGA S RGDKGTFFITN ---DGK
BCZK4809(58-168)        I L S D --T NWQGT RV LDKDKNDLTK ENANFIGL AKYDAK S GR Y EFFDAKTGA S RGDKGTFFITN ---DGK
BT9727_4791(58-168)     I L S D --T NWQGT RVYDKDKNDVTK ENANFIGL AKYDAK S GR Y EFFDAKTGA S RGDKGTFFITN ---DGK
BC5098(58-168)          I L S E - - TNWQGT RVYDKDKNDLTK ENANFIGL AKYDAK S GR Y EFFDAKTGA S RGDKGTFFVTN ---DGK
RBTH_06214(58-168)      I L S K --T NWQGT RVYDKDKNDLTK ENANFIGL AKYDAK S GR Y EFFDAKTGA S RGDKGTFFVTN ---DGK
BA3695(247-357)         I LGE--TNWQGTKVYDKDHNDVTK ENQNFIGL AKYDAKTAR Y EFFNA STGESRND S GTFFITN ---DGK
Bant_01004347(247-357) I LGE--TNWQGTKVYDKDHNDVTK ENQNFIGL AKYDAKTAR Y EFFNA STGESRND S GTFFITN ---DGK
BT9727_3386(247-357)    I LGE--TNWQGTKVYDKDHNDVTK ENQNFIGL AKYDAKMAR Y EFFNA STGESRND S GTFFITN ---DGK
BCZK3337(229-339)       I LGE--TNWQGTKVYDKDHNDVTK ENQNFIGL AKYDAKTAR Y EFFNA STGESRND S GTFFITN ---DGK
BCE_G9241_3590(229-339) I LGE--TNWQGTKVYDKDHNDVTK ENQNFIGL AKYDAKTAR Y EFFNAKTGESRND S GTFFITN ---DGK
EF0376(223-336)         FDGTPQLLWNGTKVVDKDGNDVTSANQNFISLAK FDQD SSKY EFFNLQTGETRGDYGY F KVGN ---QNK
EF0375(199-310)         I LGT--TL WNGTKVVDKNGNDVTAANQNFISLAK FDPNTSKY EFFNLQTGETRGDF GY FQVVD ---NNK
EF0374(203-314)         I LGA --TL WNGTKV LDEDGNDVTEANKMFISLAK FDNKTSKY EFFDLETGKT RGDF GY FQV I D ---NNK
BA3695(388-499)         I L S S - - T LWNGTVV LDEQGNNVTKYNS NLISLAKYDKNTNKY EFFNVNTGESRGDYGFFDVVH ---DNK
BT9727_3386(388-499)    I L S S - - T LWNGTVV LDEQGNNVTKYNS NLISLAKYDKNTNKY EFFNVNTGESRGDYGFFDVVH ---DNK
Bant_01004347(388-499) I L S S - - T LWNGTVV LDEQGNNVTKYNS NLISLAKYDKNTNKY EFFNVNTGESRGDYGFFDVVH ---DNK
BCZK3337(370-481)       I L S S - - T LWNGTVV LDEQGNNVTKYNS NLISLAKYDENTNKY EFFNVNTGESRGDYGFFDVVH ---GNK
BCE_G9241_3590(370-481) I L S S - - T LWNGTVV LDDQGNDVTKYNS NLISLAKYDKNTNKY EFFNVNTGESRGDYGFFDVVH ---GNK
BA5326(199-310)         I LGG --TL WHGTKV LDE AGNDVTQFNS NFISLAK FDDK S NKY EFFNSETGQS RGDYGY FDV LH ---E NK
BCZK4809(199-310)       I LGG --TL WHGTKV LDE AGNDVTQFNS NFISLAK FDDK FNKY EFFNSETGQS RGDYGY FDV LH ---E NK
BT9727_4791(199-310)    I LGG --TL WHGTKV LDETGNDVTQFNS NFISLAK FDDK S NKY EFFNSETGQS RGDYGY FDV LH ---E NK
BC5098(199-310)         I LGG --TL WHGTKV LDE AGNDVTQFNS NFISLAK FDDK S NKY EFFNSETGQS RGDYGY FDVVH ---E NK
RBTH_06214(199-310)     I LGG --TL WHGTK IL DE AGNDVTQFNS NFISLAK FDDK S NKY EFFNSETGQS RGDYGY FDVVH ---E NK
consensus/80%           I L u t . . T . WpGT+V hD cstND lTp . N t NhIuLAK a D t p os+Y EFFshp TGp S RGD . GhF. l sp ...-s K
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EF0374(62-172) KR ILISDTQN - YQAVVDLTEVTKDK FTYKRMGKDKDGKDVE V F VEH IP
EF0375(58-168) KR ILISRTQN - YQAVVDLTEV S KDK FTYKR LGKDK LGNDVE VYVEH IP
EF0376(59-172) R L V IISE T KN - YQGVY PLRTLYQDTFTYRQMGKDKNGND IEV F VENKA
BA5326(58-168) KR ILISES MK - YQAVVDMTK LNKNV FTYKRMGKDANGNDVE V F VEHVP
BCZK4809(58-168) KR ILISES MK - YQAVVDMTK LNKNV FTYKRMGKDANGNDVE V F VEHVP
BT9727_4791(58-168) KR ILISES MK - YQAVVDMTK LNKN IFTYKRMGKDANGNDVE V F VEHVP
BC5098(58-168) KR ILISES MK - YQAV I DMTK LNKNV FTYKRMGKDANGKDVE V F VEHVP
RBTH_06214(58-168) KR ILISES MK - YQAVVDMTK LNKNV FTYKRMGKDANGKDVE V F VEHVP
BA3695(247-357) KRV LISET QN - YQAVVELTQLDK E K FTYKRMGKDAKRNDVE V F VEH IP
Bant_01004347(247-357) KRV LISET QN - YQAVVELTQLDK E K FTYKRMGKDAKRNDVE V F VEH IP
BT9727_3386(247-357) KRV LISET QN - YQAVVELTQLDK E K FTYKRMGKDAKGNDVE V F VEH IP
BCZK3337(229-339) KRV LISET QN - YQAVVELTQLDK E K FTYKRMGKDAKGNDVE V F VEHVP
BCE_G9241_3590(229-339) KRV LISET QN - YQAVVELTQLDK E K FTYKRMGKDVKGNDVE V F VEH IP
EF0376(223-336)         F RAHV SIGTNR YGAV LELTELNDNR FTYT RMGKDNEGND I QVYVEHEP
EF0375(199-310)         I RAHV SIGTNR YGAA LELTELNNDR FTYT RMGKDNAGND I QV F VEHEP
EF0374(203-314)         I RAHV SIGDNKYGAA LELTELNDKR FTYT RMGKDNNGK EIKV F VEHEP
BA3695(388-499)         I RAHV SLGNNKYGAV LELTELNK E K FTYT RMGKDANGKD I K IFVEHEP
BT9727_3386(388-499)    I RAHV SLGNNKYGAV LELTELNK E K FTYT RMGKDANGKD I K IFVEHEP
Bant_01004347(388-499) I RAHV SLGNNKYGAV LELTELNK E K FTYT RMGKDANGKD I K IFVEHEP
BCZK3337(370-481)       I RAHV SLGNNKYGAV LELTELNKAK FTYT RMGKDANGKD I K IFVEHEP
BCE_G9241_3590(370-481) I RAHA SLGNNKYGAV LELTELNK E K FTYT R I GKDANGKD I K IFVEHEP
BA5326(199-310)         I RAHV SIGNNKYGAA LELTELNKNK FTYKRTGKDQAGND ITIFVEHEP
BCZK4809(199-310)       I RAHV SIGNNKYGAA LELTELNKNK FTYKRTGKDQAGND ITIFVEHEP
BT9727_4791(199-310)    I RAHV SIGNNKYGAA LELTELNKNK FTYKRTGKDQAGND ITIFVEHEP
BC5098(199-310)         I RAHV SIGNNKYGAA LELTELNKNK FTYKRTGKDQAGKD ITIFVEHEP
RBTH_06214(199-310)     I RAHV SIGNNKYGAA LELTELNKNK FTYKRTGKDQAGKD ITIFVEHEP



























Figure 4: BA3695 is homologous to proteins GBAA3695 from Bacillus anthracis str. “Ames Ancestor” and BAS342 from Bacillus anthracis
str. Sterne. BA5326 is homologous to proteins GBAA5326 from Bacillus anthracis str. “Ames Ancestor,” BAS4948 from Bacillus anthracis str.
Sterne and Bant 01000199 from Bacillus anthracis str. A2012.
pairwisesequenceidentitiescorrespondingtotheIMxxHdo-
main varies between 5–98%. The secondary structure corre-
sponding to IMxxH domain is predicted to comprise four α-
helices as shown in Figure 5. The representative domain ar-
chitecturecorrespondingtoproteinscomprisingthisdomain
is shown in Figure 18.
3.5. 103-amino-acid-residueVxxTdomain
The 349-amino-acid-residue protein corresponding to the
GENE ID BA4716 and described as germination protein
comprises a 103-amino-acid-residue region as two copies.
Further BLAST searches using sequence corresponding to
the region (67–169) as query identiﬁed 23 proteins (see
Table 1(e)). The proteins comprising this domain are de-
scribed as germination proteins as the Bacillus anthracis is
an endospore-forming bacterium. This domain region oc-
curs twice in proteins of B. anthracis str. Ames, B. cereus,
B. clausii, B. thuringiensis, B. thuringiensis serovar israelensis,
Alkaliphilus metalliredigene,a n dBacillus weihenstephanensis
genomes and only once in the proteins of Syntrophomonas
wolfei str. Goettingen, Moorella thermoacetica, Clostridium
thermocellum, B. subtilis,a n dPelotomaculum thermopropi-
onicum genomes. The length of proteins varied between 195
to 377-amino-acid residues. The multiple sequence align-
ment corresponding to this domain identiﬁed VxxT as se-
quence motif. This sequence motif occurs in the N-terminal
region of each protein and the pairwise sequence identityG. R. Hemalatha et al. 13
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BCE_G9241_1042_1(21-129)       ER SLNEIR FWS R IMKEHSLFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
BCZK0933_1(21-129)             ER SLNEIR FWS R IMKEHSLFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
BT9727_0941_1(21-129)          ER SLNEIR FWS R IMKEHSLFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
BA1021_1(4-112)                ER SLNEIR FWS R IMKEHSLFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
BAS0955_1(21-129)              ER SLNEIR FWS R IMKEHSLFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
RBTH_03050_1(21-129)           ER SLNEIR FWS R IMKEHSFFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
BC1029_1(21-129)               ER SLNEIR FWS R IMKEHSFFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AHS YTNE TDPEQ -----IKR F
BcerKBAB4DRAFT_3543_1(21-129) ER SLNEIR FWS R IMKEHSFFLR LGF RCEDTQLIEEANQF YR LFEH IE Q I AY S YTNE TDPGQ -----IKR F
Bcer98DRAFT_1038_1(42-147)     EK SLTENR FWLR IMKEHALFLGEGFNRKDTNLIQQVDQFFHLFDRHLQKAFSIP--QTVQA -----VRQL
CTC02189(189-294) RYAY EQE T FWNR IMAEHAKFIRGLLDP TEDALIDTANNFGKEFDELTR ---E AKRAMYKTM----PIS KV
CbeiDRAFT_3331(190-295) REAY EQEAFWNR IMAEHS KFIRGLLDP TEDELINTANNFGHQFD ILTR ---E ARAAMNK SI----PIS KV
ClosDRAFT_1658(189-294) KEIY EQELFWNR IMAEHS KFIRGLLDP TEDELIH I ANDF AKEFDAL TA ---AVEEA IEKCL----PIDK I
CtheDRAFT_1311(189-294) KEAY ELQFF WNRQMAEHAKFIRGLLDP TENDLINQANDFGNEFDQL TA ---E AKAAMDAT S----P MAKV
CdifQ_02001573(138-241) KNAKEIELF WDH IMMEHALFMRGLLDPSEGELINT SNDF A I KFNELIE---KTN --E MTDS----N I KN I
CD1511(189-291) KNAKEIELF WDH IMMEHALFMRGLLDPSEGELINT SNDF A I KFNELIE---KTN --E MTDS----N I KN I
CPE0158_2(188-291) VN ISKTEAFWNEIMMEHSLFIRGLLDPSEY ELINTAHEFAFEFNELIQ ---QLN --NVTNV ----T I DNV
CPF_0149(188-291) VN ISKTEAFWNEIMMEHSLFIRGLLDPSEY ELINTAHEFAFEFNELIQ ---QLN --NVTNV ----T I DNV
CphyDRAFT_3436(189-292)        EDLKDDELFWNQ IMMEHALFIRGLLDP TENDLIMQADDF A S VYADLLD ---E A S--TMTER ----TMGDL
DhafDRAFT_0725_2(197-302) CHMVEMQMFWDH IMKEHAEV IS HLLDPKEKAMI TRADHF AQAY EQLLN ---QLGNGTVPDQ ----SF RR I
BCZK0933_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDALMYQA I DLESMKPQSQ - TVPLLDQF
BT9727_0941_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDALMYQA I DLESMKPQSQ - TVPLLDQF
BA1021_2(132-243) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDALMYQA I DLESMKPQSQ - TVPLLDQF
BAS0955_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDALMYQA I DLESMKPQSQ - TVPLLDQF
BCE_G9241_1042_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDALMYQA I DLESMKPQSQ - TVPLLDQF
BC1029_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDELMYQA I DLESMKPQSQ - TAPLLDQF
RBTH_03050_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDELMYQA I DLESMKPQSQ - TVPLLDQF
BcerKBAB4DRAFT_3543_2(149-260) DA IIKENVFFLR IMADHAKFIGHLLDPSERKLVDTARNFSNDFDELMYQA I DLESMKPQSQ - TVPLLDQF
BcerKBAB4DRAFT_0307(35-147) DA IISE NVFWLR IMMEHS R FIGSLLDQSERNLVHTALKFGDDFEILLNQARDVESML YQKEPTY PIIGKM
Bcer98DRAFT_1038_2(167-279) DA IISE NVFWLR IMMEHS R FIA SLLDQSERNLVHTALKFGDDFEVLLSQARDVESML YQKQP TY PIIGKM
CAC3450_1(190-295) QG IIRQEIF WND IMEDHAEFIRGY LDPSQT SLFNTANNFVRR FDD IE N ---ATESLTNNPS----NLNN I
CPE0158_1(9-119) T SSLELHLFFMRVMKEHA IFLEAGLGPKNS KLAKELDKCKGNLEKLLFDVVKLSKGRVRQSIVD -SGEVF
DhafDRAFT_0725_1(12-122) RESLELHLF WAR IIKEHLIFLESGFMCKDADWMQEADALKC SFEEILHEANCLADGKVG IEVMK -SGELF
CAC3450_2(9-121) R LSLELNLFFLR I VKEHNV I AGA SLPPKYAP T LMEILAVNKKLDMLLSKTVALSKGN ISREAMN -SST LI
AmetDRAFT_1908_1(11-115) NVALFEHQFWLQVLGDHAR FIL NALSPEEREEIQRAQY FIH IFDQLLE----ESRK SPRGS----ALSKL
AmetDRAFT_1908_2(133-245) TQPIHYHMVWLLDAAGHS AG IMGDLDMVEKELIRK SGKF TQR FEEFY I KAVEIAGYTRTT LDQFPAF TR F
consensus/80%                  c t . h p . . h F a . + IMt- HuhFl thhhcsp-ppLlppAp p F.p.F -tl.....p h pt.p..p p.....lp p h
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BCE_G9241_1042_1(21-129) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
BCZK0933_1(21-129) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
BT9727_0941_1(21-129) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
BA1021_1(4-112) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
BAS0955_1(21-129) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
RBTH_03050_1(21-129) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
BC1029_1(21-129) NAEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
BcerKBAB4DRAFT_3543_1(21-129) NSEVQQAATN IWGFKRK ILGLILTCKLPGQNNFPLLVDHT S REA
Bcer98DRAFT_1038_1(42-147) NEESIQLVYAF RNYKRNLLILIINCKV SGFN -FPLLVDH I AREA
CTC02189(189-294) TNR SLRATRR I RNFKKQGTEG IL DCK I R SII-IPLLADHT LREA
CbeiDRAFT_3331(190-295) TDESLEATK SIRNFKAQGTQGLVECK I K SII-IPLL GDHT LREA
ClosDRAFT_1658(189-294) TDK SLEATKEVRNFNTQGTEGLLDCK I R SII-IPLL GDHVLRES
CtheDRAFT_1311(189-294) TDESLKATEDF RNFKAQGTQA ILECKVK SII-IPLL GDHVLREA
CdifQ_02001573(138-241) TEET LNE TVEFKDFKEAGA SG IE QCK I K SII-LPLLADHVLREA
CD1511(189-291) TEET LNE TVEFKDFKEAGA SG IE QCK I K SII-LPLLADHVLREA
CPE0158_2(188-291) THEILKE TTR LRDFKEEGTKG IMNCN I K SLI-LPLLSDHVLREA
CPF_0149(188-291) THE T LKE TTR LRDFKEEGTKG IMNCN I K SLI-LPLLSDHVLREA
CphyDRAFT_3436(189-292) TCRT LEET I KYRDFKLAGTKG I NDCEIR SII-LPLLADHVLREA
DhafDRAFT_0725_2(197-302) T SET I RVTGEFKDFKAAGTDA ILCCQLR SLI-LPLLADHVLREA
BCZK0933_2(149-260)            LDQNRV S VA SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BT9727_0941_2(149-260)         LDQNRV S VA SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BA1021_2(132-243)              LDQNRV S VA SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BAS0955_2(149-260)             LDQNRV S VA SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BCE_G9241_1042_2(149-260)      LDQNRV S VA SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BC1029_2(149-260)              LDQNRV S VA SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
RBTH_03050_2(149-260)          LDQNRV S VT SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BcerKBAB4DRAFT_3543_2(149-260) LDQNRV S VT SLRDFKKTARDLIE QCK I K SII-HPLLADHVF REA
BcerKBAB4DRAFT_0307(35-147) NKDSENATVELRNFKKAGLELIQTCQ I R S V I-NPLLADHVTREA
Bcer98DRAFT_1038_2(167-279) NKDSENATVELRNFKKAGLELIQTCQ I RNV I-NPLLADHVVREA
CAC3450_1(190-295) TRN I Y SLVTEFRNFK S TATKGLLACK I KA IM- APLLADHVTREA
CPE0158_1(9-119) TDYT LETEKKTEHYTG I N I NS K I TTMEKDLMC --APKKG I DS KV
DhafDRAFT_0725_1(12-122) TNKT LKAEQKTQELTC IPINSQL TVE TMSLHP--YMGVGMGMVP
CAC3450_2(9-121) TPLT LPSEKVT S AL TGVPINTA I T S KEISLGYRDYYRTG I NMVT
AmetDRAFT_1908_1(11-115) TDQAYGCAQEIRT FKLHLIKRHLVGK IEIGL-PPT FLNHMVNEV
AmetDRAFT_1908_2(133-245) NYQVEGELLLFKKFLRELEALELNQKVLGT L-SALMLDHMAREE




































Figure 5: BAS0955 is homologous to proteins BT9727 0941 from Bacillus thuringiensis serovar konkukian str. 97-27, BCZK0933 from
Bacillus cereus E33L, and BCE G9241 1042 from Bacillus cereus G9241. BA1021 is homologous to protein GBAA1021 from Bacillusanthracis
str. “Ames Ancestor.” BA0807 is homologous to proteins GBAA0807 from Bacillus anthracis str. “Ames Ancestor” and BAS0770 from Bacillus
anthracis str. Sterne.14 Comparative and Functional Genomics
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BT9727_4219_1(67-169) VDKNGYVVPQTLA IPTPKANE----V I QQTLEY LVKDGPVTNLLPN - GF RAV IPANTSMT--LDLKKDG
BCZK4235_1(67-169) VDKNGYVVPQTLA IPTPKANE----V I QQTLEY LVKDGPVTNLLPN - GF RAV IPANTSMT--LDLKKDG
BA4716_1(67-169) VDKNGYVVPQTLA IPTPKANE----V I QQTLEY LVKDGPVTNLLPN - GF RAV IPANTSMT--LDLKKDG
BCE4587_1(67-169) VDKNGYVVPQTLA IPTPKANE----V I QQTLEY LVKDGPVTNLLPN - GF RAV IPANTSMT--LNLKKDG
RBTH_05210_1(67-169) VDKNGYVVPQTLA IPTPKANE----T VKQTLEY LVKDGPVTNLLPN - GF RAV IPANTTMT--LDLKKDG
ABF83609_1(67-169) VDKNGYVVPQTLA IPTPKANE----T VKQTLEY LVKDGPVTNLLPN - GF RAV IPANTTMT--LDLKKDG
BC4495_1(67-169) VDKNGYVVPQTLA IPTPKANE----T VKQTLEY LVKDGPVTNLLPN - GF RAV IPANTTMT--LDLKKDG
BcerKBAB4DRAFT_4089_1(67-169) VDKNGYVVPQTIAMPTPKANE----VVQQTLEY LVKDGPVTNLLPN - GF RAVLPANTTMT--LNLKKGG
Bcer98DRAFT_3179_1(67-169) VDKNGYVVPQTLA LPIPKQSE----VVKQTLEY LVKDGPVEN ILP N - GF RAVLPADTTMT--VDLKKDG
gerM(84-184)                   I DKNGYVVAQTLPLPK SES------T AKQA LEY LVQGGPV SEILPN - GF RAVLPADTTVN --VD I KKDG
BSU28380_1(84-184)             I DKNGYVVAQTLPLPK SES------T AKQA LEY LVQGGPV SEILPN - GF RAVLPADTTVN --VD I KKDG
BL00314_1(87-187)              I DKNGYVTAQTLPLPKQEG ------T AKQA LEY LVEGGPV SN ILP N - GF RAVLPADTTVN --VD I KEDG
GK2667_1(76-177)               I DKNGF VVPQTVELPKTQA ------VAKQV LEY LVEDGPV SE MLPN - GF RAV IPAGTTV L-GTK LEKDG
BH3070_1(87-186)               LDENGMVVPQTLPLPK SDG ------VLKQSLEY LVEGGPVTNLLPN - GFQAVLPPDTEMS--VNL-EDG
OB2107_1(69-172)               LDANGMVA SQTLELPVPDTNE----VAAQV LEHLVKGGPVTPLLPN - GFQAVLPEGTEV L-GVNLQEDG
B14911_06091_1(82-181) VDKNGYVVPQTLTLPKT ES------VATQA LEY LMQNGPVTDMLPN - DF RAVLPADTK IS-VN --VKDK
ABC2653_1(99-200)              I DSNGLVVPQTLTLPKTDS------VMKQA LEY LVEGGPIND ILP N - GF RAVLPAGTEVD -IDHLKEEK
SwolDRAFT_2302(77-173) ADKEELVME RR -EITRTEG ------IAR STLQELLK - GPDN ---P--AYRNVFPEGTR LL-D I NLKPDG
Moth_0516(72-172) DSSGNY LVAEKR SIPAVEG ------IARATIEELIKGPAPDS K -----LLP TIP KGTV LK - D I N I R PDG
MothDRAFT_0979(72-172) DSSGNY LVAEKR SIPAVEG ------IARATIEELIKGPAPDS K -----LLP TIP KGTV LK - D I N I R PDG
CtheDRAFT_0840(63-168) NEDNS K LK LEIRY IPV SETTK S VNHL AEIIVNELIKGPKVAG ------L KPTIPEGTK L R S A I K IEGD -
AmetTDRAFT_1640_1(62-164) RDDKGLLIPVMRR IP WQEG ------IAKAA LEQLVDQPVL RDDL ATIGLLPVLPPGTEV I-G ISINEG -
GAA01614(67-167)               TG SDAY LVR EVHQVPFTR E------VAKAA LEELINTAPSTPG -----AVRVLPPATK I R - G ISIKDG -
BCE4587_2(220-319) NNKQQYYVPVTRRVVEGKE-----NDYAA I VDELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
BA4716_2(220-319) NNKQQYYVPVTRRVVEGKE-----NDYAA I VDELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
BT9727_4219_2(220-319) NNKQQYYVPVTRRVVEGKE-----NDYAA I VDELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
BCZK4235_2(220-319) NNKQQYYVPVTRRVVEGKE-----NDYAA I VDELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
ABF83609_2(20-319) NNKQQYYVPVTRRVAEGKE-----NDYAA II DELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
BC4495_2(220-319) NNKQQYYVPVTRRVAEGKE-----NDYATIIDELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
RBTH_05210_2(220-310) NNKQQYYVPVTRRVAEGKE-----NDYAA II DELVKGPIHQS------LL NDFNPGVK LI-T NPK LQDG
BcerKBAB4DRAFT_4089_2(220-319) NNKQQYYVPVTRRVAEGKE-----NDY S A I VDELVKGPIQG S------LL NDFNPGAK LI-T NPKVENG
Bcer98DRAFT_3179_2(219-318) NNKRQYYVPVTRRVAEEKE-----NEVETI INELVKGPSHSS------LL NDFNPGVK LV -SEPK I QDG
BSU28380_2(234-336) NEDSEYYVPVTKR I DNSEK -----DD ITAA I NELAKGPSKV S G -----LL T DFSEDVK LV -SKPK I KDG
BL00314_2(237-339)             SDKGTYYVPVTKRTSAKEK -----DQVTAA I KELTEGPDNK S G -----LLS DFQGDVK LE-NKPK IEDG
GK2667_2(227-327) QGNSTYYVPVTRRV SNKEK -----DD I AAAVNELIQGPEQG S G -----L VGVFQPDAK LV - DAPKY EDG
B14911_06091_2(231-331)        E EGAYYYVPVTKR ISAQED -----NQVE AVVKELVKGPSFTSN -----LFT DFMPEVELL-GDPK IENG
BH3070_2(236-335)              S GDQTYYVPVTRRVNVKD ------NSFATAVEELLNGPMVTSP-----L VTDF RNGVELL-DEPKY ENG
ABC2653_2(250-349) NDEDTYYVPVTKRVENVD ------NELEAA I NELIDGPSLMTN -----LL T E MS GDVELL-NEPK LQNG
OB2107_2(222-322) QENNRYYVPVTQY IET NED -----E A I AN IIKELIDGPGHQS K -----VVNVFNPEAGL A -SEPTL NNG
AmetDRAFT_1640_2(210-309) NGEDDFFIPITRGLNVLKA ------DTK S V LTA LVEGAPVG S G -----L HSEIPYGA SIN --DVYVRDG
consensus/80%                  . s c p t Y hV s.T ht lst sct .......ht t hlc.Llcss.hp s......h h ssh ssssp h h...sh h p -G
Secondary Structure            EEEEEE HHHHHHHHHHE E E E
BT9727_4219_1(67-169)          TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQF K -EVKQVQFQ
BCZK4235_1(67-169)             TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQF K -EVKQVQFQ
BA4716_1(67-169)               TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQF K -EVKQVQFQ
BCE4587_1(67-169)              TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQF K -EIKQVQFQ
RBTH_05210_1(67-169)           TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQFT-EIKQVQFQ
ABF83609_1(67-169)             TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQFT-EIKQVQFQ
BC4495_1(67-169)               TAV I DFSKEMKNYA ----KEEERQ I VESIAWTLTQFT-EIKQVQFQ
BcerKBAB4DRAFT_4089_1(67-169) TAV I DFSKEMKNY S----KEEERQ I VESVAWTLTQFT-EIKQVQFQ
Bcer98DRAFT_3179_1(67-169)     TAV I DFSKEMQNYK ----KEEERQ I VESVAWTLTQF K - D I KQVK FQ
gerM(84-184)                   TA I ADFSNEFKNYK ----KEDEQK I VQS VTWTLTQFS-SIDKVK L R
BSU28380_1(84-184)             TA I ADFSNEFKNYK ----KEDEQK I VQS VTWTLTQFS-SIDKVK L R
BL00314_1(87-187)              TA I ADFSNEFKNYK ----AEDEQK I VQA IT WTLTQFN -SIDKVK L R
GK2667_1(76-177)               T L I ADFSPEFKNYK ----PE DEKR IL QSIT WTLTQFD - N I KRVK I R
BH3070_1(87-186) VAVVDFSKEFTEYD ----GEKEQQ IL QSIT WTLTQFE-NVEKVK LQ
OB2107_1(69-172)               T I I VDLSEEFTQY E----ENQEVQ ILESVTHTLTQFE-SVHKVK L R
B14911_06091_1(82-181) VATVDFSKEFGDYQ ----AEDEEK ILESIT WTLTQFD -SIEKVK LQ
ABC2653_1(99-200)              L A I VNFSSEFNDYN ----L ADEKQ IFEAVTWTLTQFP-DVEEVKVE
SwolDRAFT_2302(77-173)         TC IL DFSSELRR LEN ---E VEEKQMLDAVCQTLAQFP-AVKQLVFM
Moth_0516(72-172)              L ARVDFSKELVANHS-GG SLGESLTVY SIVNTLTQFP-TIKQVQFL
MothDRAFT_0979(72-172)         L ARVDFSKELVANHS-GG SLGESLTVY SIVNTLTQFP-TIKQVQFL
CtheDRAFT_0840(63-168) VA I VDFTKEFRDNHP-GGKAEERMTIY S VVNSLTELK -EINKVK FL
AmetDRAFT_1640_1(62-164)       L S KVDFNEQLLAYQS---EIDENA I VK SIVYTLTEFD -SIDQVQ IM
GAA01614(67-167)               L ATVDFSRDVL RANT-G - A S GE A LG I QSIVNTLTEFP-EVQKV SFL
BCE4587_2(220-319) NLTLNFNEN IFINP--DKNMISNYVLK SLV LSLTEKK - GVK S V SIE
BA4716_2(220-319) NLTLNFNEN IFINP--DKNMISNYVLK SLV LSLTEKK - GVK S V SIE
BT9727_4219_2(220-319) NLTLNFNEN IFINP--DKNMISNYVLK SLV LSLTEKK - GVK S V SIE
BCZK4235_2(220-319) NLTLNFNEN IFINP--DKNMISNYVLK SLV LSLTEKK - GVK S V SIE
ABF83609_2(20-319) NLTLNFNEN IFVNP--DKNMISNYVLK SLV LSLTEKK - GVKN ISIE
BC4495_2(220-319) NLTLNFNEN IFVNP--DKNMISNYVLK SLV LSLTEKK - GVKN ISIE
RBTH_05210_2(220-310) NLTLNFNEN IFVNP--DKNMISNYVLK SLV LSLTEKK - GVKNV SIE
BcerKBAB4DRAFT_4089_2(220-319) N ITLNFNEN IFVNP--DKNMISNYVLK SLV LSLTEKQ - GVKNV SIE
Bcer98DRAFT_3179_2(219-318) KVTLNFNEN I YANK --DKNMISNYVLQSLV LSLTEKQ - GVKNV S VE
BSU28380_2(234-336) RVTLDFNQSIF G S ADEKTKMISSEVLNSIV LTLTEQP-DVK S V S VK
BL00314_2(237-339) HVTLDFNE A I YG S ADGQKKV ISDEVLNSIV LTLTELP-DVK S V S VT
GK2667_2(227-327) KVTLNFNEG I YG SN --KKNV ISDVVLNSLV LSLTEQK - GVESVA IT
B14911_06091_2(231-331)        L ATLDFNESVYG SF--EEK IIS QHLLNSLV LSLTEQK - G IESVAVT
BH3070_2(236-335) VVTLNFNE A LLSQM--QATAV SDEIINML A LTLTEQD - GVEKVA IQ
ABC2653_2(250-349)             EVV LDFNE A I QS AN --E G S A IPTSVLESLA LTLTEQG - G IEKV SIQ
OB2107_2(222-322)              I L EVVFNKEILADS--E QG IIADEVMETMVRTLTEQP-N I DAVDVK
AmetDRAFT_1640_2(210-309)      I AY I DFTEEIRNVP--VNEKHQQSLVY ELGLTLR EVEPSIHQVR IL









































Figure 6: BA4716 is homologous to proteins GBAA4716 from Bacillus anthracis str. “Ames Ancestor,” BAS4378 from Bacillus anthracis str.
Sterne, and Bant 01005366 from Bacillus anthracis str. A2012. BT9727 4219 is homologous to protein BCZK4235 from Bacillus cereus E33L.
BA4716 is homologous to protein BL02986 from Bacillus licheniformis ATCC 14580.G. R. Hemalatha et al. 15
Secondary structure            EEEEEE EEEEE EEEEE
BC4088_1(47-130)               I KPGEKTEVQA LVTQGKEKVTDADDVK FEIWKDGD --E KHEMLDGKHKGKGVYAVEKTFETDG
RBTH_02670_1(47-130)           I KPGEKTEVQA LVTQGKEKXTDADDVK FEIWKDGD --E KHEMLDGKHKGKGVYAVEKTFETDG
BCE_G9241_4093_1(45-128)       I KPGEKTEVQA LVTQGKE RVTDADDVK FEIWKDGD --E KHEMLDGKHKGKGVYAVEKTFETDG
BA4310_1(45-128)               I KPGEKTEVQA LVTQGKEKVTDADDVK FEVWKAGD --E KHEMLEGKHKGKGVYAVEKTFETDG
BT9727_3829_1(45-128)          I KPGEKTEVQA LVTQGKEKVTDADDVK FEVWKAGD --E KHEMLEGKHKGKGVYAVEKTFETDG
Bant_01004966_1(51-134)        I KPGEKTEVQA LVTQGKEKVTDADDVK FEVWKAGD --E KHEMLEGKHKGKGVYAVEKTFETDG
BCE4157_1(45-128)              I KPGEKTEVQA LVTQGKEKVTDADDVK FEIWKAGD --E KHEMLEGKHKGKGVYAVEKTFETDG
BCZK3845_1(45-128)             I KPGEKTEVQA LVTQGKEKVTDADDVK FEIWKAGD --E KHEMLEGKHKGKGVYAVEKTFETDG
BcerKBAB4DRAFT_2040_1(46-128) I KPGEKTEVQA LVTQGKEKVTDADDVK FEIWKAGD --E KHEMLNAKHKGKGVYAVEKTFETDG
GK0969(45-128)                 I DLNKPTK LACVVT YGGEKVDDANEVK FEVWKHGS--DE R EMLEAKHDGDGRY S VEKTFTEAG
BL05305(45-129) AAKNEKAV I KATVL YGEEPVADADEVEFECWKAGS K -EDSELIKAKNEGKGVY SMEKA FPEDG
BSU30660(44-127) VNPGESAAY EAAV S YGDEAVTDADEVEFEVWKEGEK - DA SQMF KVKQE-KGVYR LETTFKEDG
OB2488(50-134) VETGETIDLTAHVT YGDA PVEDADEV IFEVWTQGNS-DQS VELEGKHQENGT YTA S YTFEEEK
B14911_05359_1(53-137) VELNEEITLSVEVVQGEEAVEDADEVK FEIWQEGNQ -EESE MLPA EHTGKG I YQAAKTFGKDG
BH0678_1(45-129)               LA S GENMTFDVLVTQNEA PVEDAR EV I VEFWQEGAK -EESDMIEST NEGGGVYRVT Y EFPEDG
ABC0230(45-129)                I E I GEEILLSVQLAQGEVQVEDADEVVFEVWKDQE R - DNGTLQEATHQENGVY EIT HTFDEDG
ABC4088(44-127)                L E L - EN I VLEAKVMQGDEPVDDA EEVVFEVWP YDDR -EESEFHEA S YA ESGL YQA PLA LEEAG
BH0983(47-131)                 L I PNTPHELA I HVTQGDENVTDATD I QFEIWQGHDR -E QGELIEA SHVEDG I Y LVE Y EFPEDG
B14911_09907(34-118)           F AAGEDVPIRAVLTQNGEKVAGADYVHFEIWKRDGS-VHY PMEEAADEGEGVYQLTKK FEQDG
ExigDRAFT_1796(51-135) ADQEKQYR FGATLWQDQKAVKEA E YVHFEIWKADGT-LRY SMEPADETKPGVY SIEKK LPKEG
BAA83944_1(46-130)             LVTDQEESLTV SLSHNGEILSKVDSLHVH IWKHDHT-VAYHFEQLETDQDGA FNLPLTFESDG
BH1853(46-130)                 LVTDQEESLTV SLSHNGEILSKVDSLHVH IWKHDHT-VAYHFEQLETDQDGA FNLPLTFESDG
OB3282(48-131)                 I EAKENTEVTFELSQNGESV STLDDLSVTTWMVDSE-TTKQLVA ENVG - NGE Y S VETSFDQDG
BCE_G9241_4093_2(163-245)      I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
BC4088_2(165-247)              I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
RBTH_02670_2(165-247)          I KANA EST MKVHLKQKE-EA LAGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
BcerKBAB4DRAFT_2040_2(158-240) I KANA EST MKVHLKQKE-EA LSGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ESKHTFKENG
BT9727_3829_2(163-245)         I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
Bant_01004966_2(169-251)       I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
BA4310_2(163-245)              I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
BCE4157_2(163-245)             I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKHTFKENG
BCZK3845_2(163-245)            I KANA EST MKVHLKQKE-EA LTGA EVQLEIWKDGV --E KHEFIPAKEGNKGE Y ETKYTFKEKG
Bcer98DRAFT_3614(94-176) VKANA ESTLKAHVKQKE-EA LTKA EVQFEIWKDGV --E KHTFITAKEDNKGE YVGKYTFKESG
B14911_05359_2(187-271)        I HMKQAAGLDVQVDKKDGA PLEKA LVK LEIMKEGK --DTPEWVNLKESGEGKY S A EHSFA EAG
BH0678_2(159-242)              I QAGEETTLLIVVEHKD - KPFTGGVLTLEVWQHED --E AHTWLDTEETDVGQY EV SHTFADAG
ExigDRAFT_0574(52-137) KTMENQKVVFQATA LENKKAVNLENVA FEVWKADEKEAVHQK F KAA LKKTGT YQA EAK LA -EG
consensus/80%                  l p .stp t p h p shlp p tc.ts.sus-Vp hElWK tss..-p p p hh.ucp ttpG . Y tsp hoFtp sG
Secondary structure            EEEEEEE EE
BC4088_1(47-130) VYH IIAHTNAR E-MHVMPEVKVAV
RBTH_02670_1(47-130) VYH IIAHTNAR E-MHVMPEVKVAV
BCE_G9241_4093_1(45-128) VYH IIP HTNARD -MHVMPEHKVAV
BA4310_1(45-128) VYH IIAHTNAR E-MHVMPEVKVAV
BT9727_3829_1(45-128) VYH IIAHTNAR E-MHVMPEVKVAV
Bant_01004966_1(51-134) VYH IIAHTNAR E-MHVMPEVKVAV
BCE4157_1(45-128) VYH IIAHTNAR E-MHVMPEVKVAV
BCZK3845_1(45-128) VYH IIAHTNAR E-MHVMPEVKVAV
BcerKBAB4DRAFT_2040_1(46-128) VYHV I AHTNAR E-MHVMPEVKVAV
GK0969(45-128)                 T Y S VVAHVTARD -MHNMPKKD I VA
BL05305(45-129) HYKVQVHVTAKK - QHTMPVAD I KV
BSU30660(44-127) VYTVQSHVTAKK - QHSMPTLKVQV
OB2488(50-134) VY EMYAHTTA EA -IHSMPFKTV I V
B14911_05359_1(53-137) DY I VQVHVTARD -MHTMPKA EVQA
BH0678_1(45-129)               L Y F VQPHVTARD -MHRMPLY ELTI
ABC0230(45-129)                I Y I VQTHVTARD -MHVMPKQMI VA
ABC4088(44-127)                I YMVQVHVTARG -MHVMPTQPLFA
BH0983(47-131)                 I Y F VQAHVTARG -L HVMPTER LIV
B14911_09907(34-118) VY IIKVHA SSGG -SLIMPQKQF VV
ExigDRAFT_1796(51-135)         L Y Y I KVHA SSNG - AMIMPTRQFIV
BAA83944_1(46-130)             L Y YMKVDVTHNG - DTIMPTAQLIV
BH1853(46-130)                 L Y YMKVDVTHNG - DTIMPTAQLIV





BT9727_3829_2(163-245)         S YKVKVHVKKGE-LHEHKEETVEV
Bant_01004966_2(169-251)       S YKVKVHVKKGE-LHEHKEETVEV
BA4310_2(163-245)              S YKVKVHVKKGE-LHEHKEETVEV
BCE4157_2(163-245)             S YKVKVHVKKGE-LHEHKEEXVEV
BCZK3845_2(163-245)            S YKVKVHVKKGE-LHEHKEETVEV
Bcer98DRAFT_3614(94-176) KYKVKVHVRKGD -L HEHKEETVEV
B14911_05359_2(187-271)        S YTVTVHVENSEGLHEHS DFPLTV
BH0678_2(159-242)              E YHVVFH IE DDTGLHEH I HEA LIV
ExigDRAFT_0574(52-137)         E Y EGL YH I NDKNGLHHMDK ISFVV





































Figure 7: BA4310 is homologous to proteins GBAA4310 from Bacillus anthracis str. “Ames Ancestor,” BAS3998 from Bacillus anthracis str.
Sterne, and BT9727 3829 from Bacillus thuringiensis serovar konkukian str. 97-27.16 Comparative and Functional Genomics
Secondary structure            EEEEE HHH HHHHH
BCZK2413_2(120-222) VYNTGFIGVV F ADLC SIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
BT9727_2444_2(120-222) VYNTGFIGVV F ADLC SIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
BA2665_2(120-222) VYNTGFIGVV F ADLC SIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
Bant_01003317_2(124-226) VYNTGFIGVV F ADLC SIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEXNK
BCE2700_2(122-224) V FNTGFIGVV F ADLC SIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
BCE_G9241_CNI_0263_2(122-224) V FNTGFIGVV F ADLC SIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
BcerKBAB4DRAFT_0535_2(120-222) V FNTGFIGVV F ADLSSIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
BC2674_2(122-224) V FNTGFIGVV F ADLSSIDR FNFEF---EMGML TKLMKDMIIP VKELFLRHNVPAY IST SHLEEQNK
Bcer98DRAFT_0128_2(122-224) V FNTGFIGVV F ADLSSIDR FNFEF---EMNMLFKLMKDMIIP VKELFLRHN IPAY IST SHLETQNK
BA2665_1(16-119)               I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT SSLFKEHN ISAYMS CVY LHKQKK
Bant_01003317_1(20-123)        I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT SSLFKEHN ISAYMS CVY LHKQKK
BCZK2413_1(16-119)             I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT SSLFKEHN ISAYMS CVY LHKQKK
BT9727_2444_1(16-119)          I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT SSLFKEHN ISAYMS CVY LHKQKK
BcerKBAB4DRAFT_0535_1(16-119) I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT S ALFKEHNTAAYMS CVY LHKQKK
BCE2700_1(16-121)              I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT SSLFKEHN ISAYMS CVY LHKQKK
BCE_G9241_CNI_0263_1(16-121)   I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT SSLFKEHN ISAYMS CVY LHKQKK
BC2674_1(16-121)               I SNTGFIG S V FIDT LELQKK S YY F ARKKLQ I VHHVLDGLSGAT S ALFKEHN ISAYMS CVY LHKQKK
Bcer98DRAFT_0128_1(16-121)     I SNTGFIG S V FIDT LELQKK S YY FSRKKLQ I VHHVLDGL AE AT SSLFHEHEVAAY ISCVY LHKQKK
consensus/80%                  l . NTGFIG s V FhDhhp l p +hsa . F. . . chthlp +lhcsh.hssp p LFhcHN lsAY hSssaLccQp K
Secondary structure            E E E E HHHHHHHHHHH
BCZK2413_2(120-222)            LGFVLSIKP YDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
BT9727_2444_2(120-222)         LGFVLSIKP YDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
BA2665_2(120-222)              LGFVLSIKP YDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
Bant_01003317_2(124-226)       LGFVLSIKXYDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
BCE2700_2(122-224)             LGFVLSVKP YDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
BCE_G9241_CNI_0263_2(122-224) LGFVLSVKP YDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
BcerKBAB4DRAFT_0535_2(120-222) LGFVLSVKP YDE RAE ADL Y FETY L KE RGLFIG - DEEDD I DK
BC2674_2(122-224)              LGFVLSVKP YDE RAE ADL Y FEAY L KE RGLFIG - DEEDD I DK
Bcer98DRAFT_0128_2(122-224) VGFVLSIKP YDE RAE ADL Y FETY L KE RGLFIG - DEEDEMDK
BA2665_1(16-119)               I GFVLSTKPFEQ -SDGVAY FINY LIEKNF YG --NEEVE YQE
Bant_01003317_1(20-123)        I GFVLSTKPFEQ -SDGVAY FINY LIEKNF YG --NEEVE YQE
BCZK2413_1(16-119)             I GFVLSTKPFEQ -SDGVAY FINY LIEKNF YG --NEEVE YQE
BT9727_2444_1(16-119)          I GFVLSTKPFEQ -SDGVAY FINY LIEKNF YG --NEEVE YQE
BcerKBAB4DRAFT_0535_1(16-119) I GFVLSTKPFEQ -SDGV S Y FINY LIEKNF YG --NEEVE YQE
BCE2700_1(16-121)              I GFVLSTKPFEQ -SDGVAY FVNY LIEKNF YGNHDEDVE YQE
BCE_G9241_CNI_0263_1(16-121)   I GFVLSTKPFEQ -SDGVAY FVNY LIEKNF YGNHDEDVE YQE
BC2674_1(16-121)               I GFVLSTKPFEQ -SDGVAY FVNY LIEKNF YGGHDEDVE YQE
Bcer98DRAFT_0128_1(16-121)     I GFVLSTKLFEQ - TDG I AY F KNY LIEKNF YGKTDQEVE YQE



















Figure 8: BA2665 is homologous to proteins GBAA2665 from Bacillus anthracis str. “Ames Ancestor,” BAS2482 from Bacillus anthracis str.
Sterne. BT9727 2444 is homologous to protein BCZK2413 from Bacillus cereus E33L.
varied between 11–98%. The secondary structure is pre-
dicted to comprise two α-helices and three β-strands as
shown in Figure 6. The representative domain architecture
corresponding to proteins comprising this domain is shown
in Figure 19.
3.6. 84-amino-acid-residueExWdomain
The 246-amino-acid-residue protein corresponding to the
GENE ID BA4310 and described as hypothetical protein
comprises an 84-amino-acid-residue region as two copies.
Further BLAST searches using sequence corresponding to
the domain (45–128) as a query identiﬁed 25 proteins
(Table 1(f)) that are described as either conserved or hypo-
thetical proteins. This domain region occurs as two copies
in proteins of B. anthracis str. Ames, B. cereus, B. halodu-
rans (GENE ID BH0678), B. thuringiensis, B. thuringiensis
serovar israelensis, Geobacillus kaustophilus, Bacillus weihen-
stephanensis,a n dExiguobacterium sibiricum genomes and as
single copy in proteins of B. clausii, B. halodurans (GENE ID
BH0983), B. licheniformis, B. subtilis, Exiguobacterium sp.,
and Oceanobacillus ihenyensis genomes. The length of pro-
teins varied between 142 to 273-amino-acid residues. The
multiple sequence alignment corresponding to this domain
identiﬁed ExW sequence motif. The pairwise sequence iden-
tities corresponding to the ExW domain varied between 14–
98%. The secondary structure of this domain is predicted to
comprise ﬁve β-strands and the conserved sequence motif is
associated with one of the β-strands as shown in Figure 7.
The representative domain architecture corresponding to
proteins comprising this domain is shown in Figure 20.
3.7. 104-amino-acid-residueNTGFIGdomain
The 232-amino-acid-residue protein corresponding to the
GENE ID BA2665 and described as a hypothetical protein
comprises a 104-amino-acid-residue region as two copies
in tandem. Further BLAST searches using sequence corre-
sponding to the region (16–119) as query identiﬁed 9 hy-
pothetical proteins comprising this domain from organ-
isms such as B. anthracis, B. thuringiensis, Bacillus weihen-
stephanensis,a n dB. cereus. The protein corresponding to
the GENE ID BCZK2413 of B. cereus is described as group-
speciﬁc protein. The list of 9 proteins comprising this do-
main is shown in Table 1(g). The length of proteins var-
ied between 232 to 236-amino-acid residues. This domainG. R. Hemalatha et al. 17
Secondary structure HHHHHHHH
BT9727_3378_2(139-176) YKTT ISAQFEYNR F TRDFFEDPNNKGK S KADA I AAWNE
BcerKBAB4DRAFT_0944_2(139-176) YKTT ISAQFEYNR F TRDFFEDPNNKGK S KADA I AAWNE
BA3686_2(139-176) YKTT ISAQFEYNR F TRDFFEDPNNKGK S KADA I AAWNE
BCZK3328_2(139-176) YKTT ISAQFEYNR F TRDFFEDPNNKGK S KADA I AAWNE
BCE_G9241_3579_2(139-176) YKTT ISSQFEYNR F TRDFFEDPNNKGK S KADA I AAWNE
BCE3645_2(139-176) YKTT ISP QFEYNR F TRDFFEDPNNKGKTKADV I AAWNE
RBTH_03615_2(139-176) YKTT I GAQFEYNR F TRDFFEDPNNKGKAKADA I AAWNE
BC3626_2(139-176) YKTT I GTQFEYNR F TRDFFEDPNNKGKAKADA I AAWNE
B14911_25780_2(138-175) YK SEIGRQFEYNQFIRDYYADQKNQGK S RAEA I AAWML
RBTH_03615_1(94-129)           F KEK I GTNF R F TVALQK FFK --E NVGKTY EDAVA FWHE
BC3626_1(94-129)               F KEK I GTNF R F TVALQK FFK --E NVGKTY EDA I A FWHE
BT9727_3378_1(94-129)          F KEK I GANF R F TVALQK FFK --E N I GKTY EDAVA FWHE
BCZK3328_1(94-129)             F KEK I GANF R F TVALQK FFK --E N I GKTY EDAVA FWHE
BA3686_1(94-129)               F KEK I GANF R F TVALQK FFK --E N I GKTY EDAVA FWHE
BCE_G9241_3579_1(94-129)       F KEK I GANF R F TVALQK FFK --E NVGKTY EDA I T FWY E
BCE3645_1(94-129)              F KEK I GANF R F TVALQK FFK --E NVGKTY EDA I T FWY E
BcerKBAB4DRAFT_0944_1(94-129) F KEK I GANF R F TVALQK FFK --E NVGKTY EDA I T FWY E
B14911_25780_1(93-128)         F K S V I GSHFHFSTY I QDY F K --HNPGKTYNDAV S AWHE



















Figure 9: BT9727 3378 is homologous to protein BCZK3328 from Bacillus cereus E33L. BA3686 is homologous to proteins GBAA3686 from
Bacillus anthracis str. “Ames Ancestor,” BAS3417 from Bacillus anthracis str. Sterne, and Bant 01004341 from Bacillus anthracis str. A2012.
Secondary structure    E E E EEEE EEE
BAS1577_2(128-220) AKKYDTQV SLAPAVKN I V IL NND - DADD I VRVTGLESGDVVKVYGEATGG -EV IEKATVQG
BA1701_2(126-218) AKKYDTQV SLAPAVKN I V IL NND - DADD I VRVTGLESGDVVKVYGEATGG -EV IEKATVQG
RBTH_03882_10(898-990) AVKY ESQVTAEPVGGN I VVLNND - GAAD I VRVTGL TAGDKV SVYNEETVQ -EA I GTATVAE
BAS1577_1(33-127) AAEVA I VKTKAVTVDA I TVANNEKEAEDT I KVTGLVTGD I VKVYDAA S KGKELGTTK - VAE
BA1701_1(31-125) AAEVA I VKTKAVTVDA I TVANNEKEAEDT I KVTGLVTGD I VKVYDAA S KGKELGTTK - VAE
RBTH_03882_2(610-705) VKY EAEPTTVAPAVEK I TV SNNKVEAEDT I TV SELKKGD I VRVY EA S KGGEA I VT SEAVAE
RBTH_03882_3(802-897) VKY EAEPTTVAPAVEK I TV SNNKVEAEDT I TV SELKKGD I VRVY EA S KGGEA I VT SEAVAE
RBTH_03882_1(418-513) VKY EAEPTTVAPAVEK I TV SNNKVEAEDT I TV SELKKGD I VRVY EA S KGGEA I VT SEAVAE
RBTH_03882_8(226-320) VKY EAEPTTVAPAVEK I TV SNNKVGNADA I TV S KLKKGD I VRVY EA S KGGAA I AA SEAVAE
RBTH_03882_6(33-128) AAEVT S AKTAALSVEKAN II NNKKGETDT I TV SELKKGD I VRVY EA S KGGEA I AT SEAVAE
RBTH_03882_4(321-416) AVKY ESQVTVAPAVDTVKVANNKAGDADT I TV SGVAEGDLVRVYDA S T EG - KELGNATVAK
RBTH_03882_5(706-800) AVKY ESQVTVAPAVDTVKVANNKAGDADT I TV SEVT EGDVVKVYDA S T EG - KELGNATVAK
RBTH_03882_7(514-608) AVKY ESQVTVAPAVDTVKVANNKAGDADT I TV SGVAEGDLVRVYDA S T EG - KELGNATVAK
RBTH_03882_9(129-224) AMKY ESEVTVAPAVDTVKVANNKAGDADT I TV SELAPGD I VK I YDA S TGGNLKAT S AAVAE
DSY3134_1(51-142) VPFSEPLKTTT P--SA IEVRNY IEG I RDRVTV SSLEEGD I VK I Y PSEESN - T PSGT EAVKA
DSY3134_2(150-240)     P I PWLIYGHTGNWGEDVKLPRT PFDQS K - A S Y PAY -PIDANG IS DDNPLG IIYNQH IIIKG
consensus/80%          s h . . t . . h T hA ssV c p l p l. NNc.tst DhlpVotltpGD l V+VY p sup t G .t.hssts V tt
Secondary structure    E E E E E E E E E
BAS1577_2(128-220) NKTAVNVK IP QLG IEAG - KVYVTVTKPNKDESKRV
BA1701_2(126-218) NKTAVNVK IP QLG IEAG - KVYVTVTKPNKDESKRV
RBTH_03882_10(898-990) NKTAVNVV IP QLGEVAG - K I YV SVTKVNKDESKRV
BAS1577_1(33-127) NATDAT I TGKDLLAVAGGTVYV SVQS KDQLESPRT
BA1701_1(31-125) NATDAT I TGKDLLAVAGGTVYV SVQS KDQLESPRT
RBTH_03882_2(610-705) GKT EAT ILGKDLLKVTGGTVYV SVQSENELESART
RBTH_03882_3(802-897) GKT EAT ILGKDLLKVTGGTVYV SVQSENELESART
RBTH_03882_1(418-513) GKT EAT ILGKDLLKVTGGTVYV SVQSENELESART
RBTH_03882_8(226-320) GKT EAT ILGKDLLKVTGGTVYV SVQSENELESART
RBTH_03882_6(33-128) GKVEVT I TKKDLLKATGGTVYV SVQSESELESTRT
RBTH_03882_4(321-416) DAKEAT I TGKDLLV S TGGTVYVTVTKPNKDESKRV
RBTH_03882_5(706-800) DAKEAT I TGKDLLV S TGGTVYVTVTKPNKDESKRV
RBTH_03882_7(514-608) EAT EVK IEKTDLLV S TGGTVYVTVTKPNKDESKRV
RBTH_03882_9(129-224) GKKEAT I TGKDLLV S TGGTVYVTVTKPNKDESKRV
DSY3134_1(51-142) GQT SVT IEIDQLSEVYG -EIYVTVTR SGY EESDRV
DSY3134_2(150-240) NG S RVT F YG ---YAQNAYKDFILLPSESVAKKT IE

















Figure 10: BA1701 is homologous to proteins GBAA1701 from Bacillus anthracis str. “Ames Ancestor,” and Bant 01002313 from Bacillus
anthracis str. A2012.
occurs twice in every protein of the bacillus species as shown
in Table 1(g). We refer to this as the NTGFIG domain based
on the conserved sequence motif that is present at the N-
terminal part. The pairwise sequence identities between se-
quences corresponding to this domain varied between 31–
99%. The secondary structure corresponding to this domain
is predicted to comprise three α-helices and two β-strands as
shown in Figure 8. The representative domain architecture
corresponding to proteins comprising this domain is shown
in Figure 21.
3.8. 36-amino-acid-residueNxGKrepeat
The 193-amino-acid-residue protein corresponding to
GENE ID BA3686 and described as hypothetical cytosolic
protein comprises a 36-amino-acid-residue region as two18 Comparative and Functional Genomics
Secondary structure HHHHHHHHHHHHHHHH HH HHHHHH
RBTH_06405_4(259-331) REKA LDA LQWT IEEKEKL TDNQLLQQYTMQWLKNHR LWTPVVRYWNG SPYAMI NDL Y PNKY
pBMB165_3(175-247) REKA LEA LQWT IEEKEKLIDNQLLQQYTMKWLKRHR LWTPVVRYWNG SPYAMI NDL Y PNKY
pE33L466_0092_4(259-328) KRKA LEA L RWT IEEKEKLDEKQLLKVFNQKWLIKQKLWTPLKRYWKG SPY EMLIA L Y PNR F
RBTH_06405_3(109-183) KEKA LQLLKWLIEEEEKLPPQKLLQ I YGQKWLIE HR LSAPLRV IWNG SPYAMI NDL Y PNR F
pBMB165_2(25-99) KEKA LQLLKWI IEEEEKV SPQKLLQ I YGQKWLNERR LSAPLRV IWDG SPYAMI NDL Y PNR F
BA3147_2(109-183) KEKA LEA LKWTVEEKEKLSKVELLK F Y S KKWLEKNKLSAPLVMYWNG SPYAMI NSLY PNK F
Bant_01003795_1(25-99) KEKA LEA LKWTVEEKEKLSKVELLK F Y S KKWLEKNKLSAPLVMYWNG SPYAMI NSLY PNK F
BAS2924_2(116-190) KEKA LEA LKWTVEEKEKLSKVELLK F Y S KKWLEKNKLSAPLVMYWNG SPYAMI NSLY PNK F
BAS2924_3(191-265) KEKA LEA LKWTVEEKEKLSKVELLK F Y S KKWLEKNKLSAPLVMYWNG SPYAMI NSLY PNK F
pE33L466_0092_2(109-183) KEKA L T ILKWIIE E KEGLSQEKLLELYGKKWLEKNKLGAPLAMYWNSSPYAMI NDL Y PRR F
RBTH_06405_2(184-258) KDKT LQA LKWT IEKKEKLNVDQLKN I YDNKWLVQSGLSGACQL YWNDSPYAMI NDL Y PGQF
pBMB165_1(100-174) KEKA LQA LKWT IEEKEKLNPDQLKN I Y ENKWL TQLGL RGACQL YWNDSPYAMI NDL Y PNQF
BAS2924_4(266-340) KEKA LVA L RWT IEEKEKL T SFQLLQVY S VKWL T I HNLISPCQ IF WNNSPY SMI NELY PGQN
Bant_01003795_2(100-174) KEKA LVA L RWT IEEKEKL T SFQLLQVY S VKWL T I HNLISPCQ IF WNNSPY SMI NELY PGQN
BA3147_3(184-258) KEKA LVA L RWT IEEKEKL T SFQLLQVY S VKWL T I HNLISPCQ IF WNNSPY SMI NELY PGQN
pE33L466_0092_3(184-258) KEKA LEA LKWT IEEKEGL TPKQLLDVYN I KWLQTHR LA S ACQ II WGNSPFRMI NDL Y I DR F
BA3147_1(34-108) RELSKRVTKY LIET ILKWNEED I KQKWNTPLI IKYR LLGA LKHGYDNSPYKMIEDL Y PNR F
BAS2924_1(41-115) RELSKRVTKY LIET ILKWNEED I KQKWNTPLI IKYR LLGA LKHGYDNSPYKMIEDL Y PNR F
RBTH_06405_1(34-108) NQLARRVTKY LVTK IL NWNEEEIKQNWNNKLIAKYR L RGVLKHKYNNSPYAMI NDL Y PNQF
pE33L466_0092_1(34-108) NKMARRVL TY LLNSILKWNKED I RKKWNTKLLVKYR L RGLLKHRY ENSPFKA I NDL Y PNQF
consensus/80%             +EKA L p sL+ WhlEccE K ls..p Lhp h a s.KWL.p . p L.ush.hh WssSP Y tMI N sLY Psp a
Secondary structure
RBTH_06405_4(259-331)     I K SSFSGY I NK F--











BAS2924_4(266-340) KEWE YK F TP TGFWT
Bant_01003795_2(100-174) KEWE YK F TP TGFWT



























Figure 11: BA3147 is homologous to protein GBAA3147 from Bacillus anthracis str. “Ames Ancestor.”
Secondary structure            E E E HHHHHHE E E
BAS2851_1(20-78)               L E YQQS R F YVT R IPKDFLSIARKR FSIPTDDQ IIA FLSCNLFG ---S GKYGVY FTSSGL YWK
BA3065_1(13-71)                L E YQQS R F YVT R IPKDFLSIARKR FSIPTDDQ IIA FLSCNLFG ---S GKYGVY FTSSGL YWK
Bant_01003715_1(16-74)         L E YQQS R F YVT R IPKDFLSIARKR FSIPTDDQ IIA FLSCNLFG ---S GKYGVY FTSSGL YWK
BcerKBAB4DRAFT_1832_1(14-72)   L E YQQS R F YVT R IPKDFLSVAKKR FSIPIDDR IFA FLSCNLFG ---S GKYGVY FTSSGL YWK
RBTH_02124_1(13-71)            L E FQQS R F YVT R IPKDFLSIAQKR FSIPTEDQ I VA FLSCNLLG ---S GKYGVY FTSSGL YWK
Bant_01003715_2(164-225)       L E PDNGLFVETH ISDKK L KA IEVR FIIPIEE Q IIA FLDTSV LGNMGKG S DGV LICQS G I Y F R
BAS2851_2(168-229)             L E PDNGLFVETH ISDKK L KA IEVR FIIPIEE Q IIA FLDTSV LGNMGKG S DGV LICQS G I Y F R
BA3065_2(161-222)              L E PDNGLFVETH ISDKK L KA IEVR FIIPIEE Q IIA FLDTSV LGNMGKG S DGV LICQS G I Y F R
BcerKBAB4DRAFT_1832_2(162-223) L E PDNGLFVDTH IS HKK L K EIGAKY IIP K EEK IIA FLDTSV LGNLGKG S DGV LIC EPG I Y F R










Figure 12: BA3065 is homologous to protein GBAA3065 from Bacillus anthracis str. “Ames Ancestor.”
Secondary structure EEEE EEE EEEEE
BA0482(4-56)        I E I HTQGGL KHKVQT EVYNAEALNTKLNDNDLITVLIGDFIIQR I DVKR IIP L
BA0482(67-119) VEVHTNAGKV IEITTNDYDPIY LNEQLNNNNT I TVV I GDY IFSR I DVKQVVPV
consensus/80%       l E l HT p uGhhhc lp T p s Y ss.hL Np p LN s N shITV lI GD aIhp R I DVK p llPl
53
53
Figure 13: BA0482 is homologous to proteins GBAA0482 from Bacillus anthracis str. “Ames Ancestor,” BAS0458 from Bacillus anthracis str.
Sterne, and Bant 01001108 from Bacillus anthracis str. A2012.G. R. Hemalatha et al. 19
Secondary structure HHHH
BA4081(10-50)       S I GMY LSELQKGT ESSR LLAESMAKEIDGKMK I DLGPAGQF
BA4081(172-212) N I QT LINGMQ I GALSLPQVAQTMGLD I K SNVQVDLGEAGQF




Secondary structure E E E HHH
BA4081(292-333) GS K S GSELGQG IIS QDGY I KGS ALQVVGS AHNA FST I NGSPA
BA4081(334-375) GNQGGQGFGS G I VNQKGY I RGS ALEAVT PAHTGFNT I NGT PQ




Figure 14: BA4081 is homologous to proteins GBAA4081 from Bacillus anthracis str. “Ames Ancestor,” BAS3792 from Bacillus anthracis str.





















































































































VxxT-103 VxxT-103 AmetDRAFT 1640
Figure 19: VxxT-103 aa domain.
copies. Further BLAST searches using sequence correspo-
nding to the region (94–129) as query identiﬁed 9 hypo-
thetical proteins comprising this repeat region from the
organisms B. anthracis, B. thuringiensis, B. thuringiensis
serovar israelensis, Bacillus weihenstephanensis,a n dB. cereus
(see Table 1(h)). The length of proteins varied between 189
to 193-amino-acid residues, and also consists a SAP domain
at the N-terminus, in addition to the novel repeat described
here. A SAP domain consists of two α-helices and is a DNA-
binding motif that is involved in chromosomal organization
[32]. Therefore, we believe that these repeats might also
participate in a similar function. The multiple sequence
alignment corresponding to this repeat identiﬁed NxGK
sequence motif (Figure 9). The pairwise sequence identities
between sequences corresponding to NxGK repeats varied
between 36–97%. The secondary structure is predicted
to comprise a α-helix and the conserved sequence motif
described above is also associated with α-helix. The rep-
resentative domain architecture corresponding to proteins
comprising the NxGK repeats is shown in Figure 22.
3.9. 95-amino-acid-residueVYVdomain
The 225-amino-acid-residue protein corresponding to the
GENE ID BA1701 and described as a hypothetical protein
comprises a 95-amino-acid-residue region, as two copies
in tandem. Further BLAST searches using sequence corre-
spondingtotheregion(31–125)asqueryidentiﬁedBAS1577








































Figure 21: NTGFIG-104 aa domain.
thuringiensis serovar israelensis, and DSY3134 of Desulﬁto-
bacterium hafniense Y51 that are described as hypothetical
proteins. The length of proteins varied between 227 to 1674-
amino-acid residues (see Table 1(i)). In RBTH 03882, this
region occurs ten times and in tandem. The multiple se-
quence alignment corresponding to this domain identiﬁed
characteristic sequence motifs; GDxV, VYV (see Figure 10).
For the sake of simplicity, we refer to this 95-amino-acid re-
gion as VYV domain. The pairwise sequence identities be-
tween sequences corresponding to VYV domains varied be-
tween 29–95%. The secondary structure corresponding to
VYV domain is predicted to comprise ﬁve β-strands. The
representative domain architecture corresponding to pro-
teins comprising the VYV domains is shown in Figure 23.
3.10. 75-amino-acid-residueKEWEdomain
The 262-amino-acid-residue protein corresponding to the
GENE ID BA3147 and described as a hypothetical protein



































Figure 24: KEWE-75 aa domain.
tandem. Further BLAST searches using the sequence corre-
sponding to the region (34–108) as query identiﬁed this do-
mainin6proteinsthataredescribedashypotheticalproteins
(see Table 1(j)). This domain may exist as 2, 3, or 4 copies
in these proteins. The length of proteins identiﬁed varied
between 178 to 344-amino-acid residues. The pairwise se-
quence identities between sequences corresponding to these
regions varied between 22–69%. These domains are present
in tandem and associated with SPY, MIN, LYP, KEWE, and
FWT conserved sequence motifs as indicated in the multi-
ple sequence alignment (see Figure 11). We refer to these as
the KEWE domain, and this sequence motif occurs at the
C-terminus of the domain. The secondary structure corre-
sponding to KEWE domain is predicted to comprise three α-
helices as shown in Figure 11. The representative domain ar-
chitecture corresponding to proteins comprising the KEWE
domain is shown in Figure 24.
3.11. 59-amino-acid-residueAFLdomain
The 290-amino-acid-residue protein corresponding to the
GENE ID BA3065 and described as hypothetical protein








Figure 25: AFL-59 aa domain.
Further BLAST searches using sequence corresponding to
the region (13–71) as query identiﬁed that this region
occurs twice in the proteins with GENE ID’s: BAS2851
and Bant 01003715 of B. anthracis strains, the protein
with GENE ID: BcerKBAB4DRAFT 1832 of Bacillus wei-
henstephanensis, and once in the protein with GENE ID:
RBTH 02124 of Bacillus thuringiensis serovar israelensis (see
Table 1(k)). The lengths of the proteins varied between 145
to 297-amino-acid residues and are described as hypothet-
ical proteins. The multiple sequence alignment correspond-
ingtothisdomainidentiﬁedtwocharacteristicsequencemo-
tifs: RFxI and AFL (see Figure 12). We refer to this as the
AFL domain. The sequence identities shared between AFL
domains varied between 38–91%. The secondary structure
corresponding to the AFL domain is predicted to comprise
ofoneα-helixandtwoβ-strandsandtheconservedsequence
motif AFL is a part of the α-helix. The representative do-
main architecture corresponding to protein comprising the
AFL domain is shown in Figure 25.
3.12. 53-amino-acid-residueRIDVKrepeat
The 159-amino-acid-residue protein corresponding to the
GENE IDBA0482anddescribedasaconserveddomainpro-
tein comprises a 53-amino-acid region as two copies. BLAST
did not identify this repeat in any other proteins; therefore
t h i sr e p e a ti su n i q u et oB. anthracis str. Ames. The multi-
ple sequence alignment corresponding to this repeat iden-
tiﬁed three characteristic sequence motifs: ITV, IGD, and
RIDVK (Figure 13). We refer to this as the RIDVK repeat.
The sequence identity shared between this RIDVK repeats
in BA0482 is 45%. The secondary structure correspond-
ing to the RIDVK repeat is predicted to comprise three β-
strands. The representative domain architecture correspond-
ing to protein comprising the RIDVK repeat is shown in
Figure 26.22 Comparative and Functional Genomics
BA0482 RIDVK-53 RIDVK-53
Figure 26: RIDVK-53 aa repeat.
BA4081 AGQF-41 AGQF-41 GSAL-42
2
Indicates a 27 aa Ribosomal S7 region
Figure 27: AGQF-41 aa repeat; GSAL-42 aa repeat.
3.13. (a)41-amino-acid-residueAGQFrepeatand
(b)42-amino-acid-residueGSALrepeat
The protein corresponding to the GENE ID BA4081 com-
prises 462-amino-acid residues and described as conserved
domain protein contains two novel repeat types. The se-
quence length corresponding to repeat types are 41 and 42-
amino-acidresiduesandarepresentastwocopiesinBA4081.
BLAST searches identiﬁed these repeats to be speciﬁc to this
protein alone.
(a) The sequence alignment corresponding to 41-amino-
acid-residue repeat identiﬁed two characteristic sequence
motifs: DLG and AGQF (Figure 14(a)). We refer to this as
the AGQF repeat. The motif occurs at the C-terminal part of
the repeat region. The sequence homology shared between
this AGQF repeats is about 34%. The secondary structure
corresponding to the AGQF repeat is predicted to comprise
one α-helix. The representative domain architecture corre-
sponding to protein comprising the AGQF repeat is shown
in Figure 27.
(b) The sequence alignment corresponding to the 42-
amino-acid-residue tandem repeat identiﬁed three charact-
eristic sequence motifs: GYI, GSAL, and TING (Figure
14(b)) and is a glycine-rich repeat. We refer to this as the
GSAL repeat. The sequence homology shared between this
GSAL repeats is 52%. The secondary structure correspond-
ing to the GSAL repeat is predicted to comprise one α-
helix and one β-strand. The representative domain architec-
ture corresponding to protein comprising the GSAL repeat
is shown in Figure 27. This protein is associated with a 27-
amino-acid-residue Ribosomal S7 region that is sandwiched
between the 41-amino-acid-residue AGQF repeat and the
42-amino-acid-residue GSAL repeat. These two repeats are
speciﬁc to this protein alone and are therefore B. anthracis
str. Ames speciﬁc.
From the analysis of the B. anthracis proteome, we ob-
served that the novel repeats and domains are present in all
the strains, such as Ames, Ames ancestor, Sterne, and A2012,
that have been sequenced so far. This indicates that these
strains of B. anthracis have diverged recently. We also ob-
served that the domains PxV, FxF, YEFF, VxxT, ExW, and
VYVarepresentinproteinsfromseveralbacterialorganisms.
The domains NTGFIG, KEWE, AFL, and the repeats NxGK
are speciﬁc to bacillus. It is interesting to note that the do-
mains VYVandAFLarepresent inallthe B. anthracisspecies
while absent in B. cereus genomes. The repeats RIDVK,
AGQF, and GSAL are also speciﬁcally present only in all the
strainsofB.anthracis.Thisanalysisexplainssomediﬀerences
in the closely related B. anthracis and B. cereus genomes. The
identiﬁcation of these novel domains and repeats in subse-
quently sequenced genomes will add value to their annota-
tion.
4. CONCLUSIONS
A systematic analysis using computational tools identiﬁed
four novel repeats and ten domains corresponding to the
B. anthracis str. Ames proteome. Further database searches
identiﬁed that some novel repeats and domains are also
present in other bacterial genomes. The NxGK repeats are
associated with SAP domain. The SAP domain is a DNA-
binding motif that is involved in chromosomal organization.
Therefore, we believe that these repeats also participate in
similar function. The YEFF domain-containing proteins are
associated with RGD motif and may be involved in cell adhe-
sion. The identiﬁcation of novel repeats and domains corre-
sponding to B. anthracis proteome may be useful for annota-
tion. From the presence of VYV and AFL domains in all the
B. anthracis species and their absence in B. cereus genomes,
we identiﬁed some diﬀerences in these two genomes that are
otherwise closely related.
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